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PREFACE 


The  International  Library  of  Technology  is  the  outgrowth 
of  a  large  and  increasing  demand  that  has  arisen  for  the 
Reference  Libraries  of  the  International  Correspondence 
Schools  on  the  part  of  those  who  are  not  students  of  the 
Schools.  As  the  volumes  composing  this  Library  are  all 
printed  from  the  same  plates  used  in  printing  the  Reference 
Libraries  above  mentioned,  a  few  words  are  necessary 
regarding  the  scope  and  purpose  of  the  instruction  imparted 
to  the  students  of — and  the  class  of  students  taught  by — 
these  Schools,  in  order  to  afford  a  clear  understanding  of 
their  salient  and  unique  features. 

The  only  requirement  for  admission  to  any  of  the  courses 
offered  by  the  International  Correspondence  Schools,  is  that 
the  applicant  shall  be  able  to  read  the  English  language  and 
to  write  it  sufficiently  well  to  make  his  written  answers  to 
the  questions  asked  him  intelligible.  Each  course  is  com- 
plete in  itself,  and  no  textbooks  are  required  other  than 
those  ptepared  by  the  Schools  for  the  particular  course 
selected.  The  students  themselves  are  from  every  class, 
trade,  and  profession  and  from  every  country;  they  are, 
almost  without  exception,  busily  engaged  in  some  vocation, 
and  can  spare  but  little  time  for  study,  and  that  usually 
outside  of  their  regular  working  hours.  The  information 
desired  is  such  as  can  be  immediately  applied  in  practice,  so 
that  the  student  may  be  enabled  to  exchange  his  present 
vocation  for  a  more  congenial  one,  or  to  rise  to  a  higher  level 
in  the  one  he  now  pursues.  Furthermore,  he  wishes  to 
obtain  a  good  working  knowledge  of  the  subjects  treated  in 
the  shortest  time  and  in  the  most  direct  manner  possible. 
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III  meeting  these  requirements,  we  have  produced  a  set  of 
books  that  in  many  respects,  and  particularly  in  the  general 
plan  followed,  are  absolutely  unique.  In  the  majority  of 
subjects  treated  the  knowledge  of  mathematics  required  is 
limited  to  the  simplest  principles  of  arithmetic  and  mensu- 
ration, and  in  no  case  is  any  greater  knowledge  of  mathe- 
matics needed  than  the  simplest  elementary  principles  of 
algebra,  geometry,  and  trigonometry,  with  a  thorough, 
practical  acquaintance  with  the  use  of  the  logarithmic  table. 
To  effect  this  result,  derivations  of  rules  and  formulas  are 
omitted,  but  thorough  and  complete  instructions  are  given 
regarding  how,  when,  and  under  what  circumstances  any 
particular  rule,  formula,  or  process  should  be  applied;  and 
whenever  possible  one  or  more  examples,  such  as  would  be 
likely  to  arise  in  actual  practice — together  with  their  solu- 
tions— are  given  to  illustrate  and  explain  its  application. 

In  preparing  these  textbooks,  it  has  been  our  constant 
endeavor  to  view  the  matter  from  the  ijtudent's  standpoint, 
and  to  try  and  anticipate  everything  that  would  cause  him 
trouble.  The  utmost  pains  have  been  taken  to  avoid  and 
correct  any  and  all  ambiguous  expressions — both  those  due 
to  faulty  rhetoric  and  those  due  to  insufficiency  of  statement 
or  explanation.  As  the  best  way  to  make  a  statement, 
explanation,  or  description  clear,  is  to  give  a  picture  or  a 
diagram  in  connection  with  it,  illustrations  have  been  used 
almost  without  limit.  The  illustrations  have  in  all  cases 
been  adapted  to  the  requirements  of  the  text,  and  projec- 
tions and  sections  or  outline,  partially  shaded,  or  full-shaded 
perspectives,  have  been  used,  according  to  which  will  best 
produce  the  desired  results.  Half-tones  have  been  used 
rather  sparingly,  except  in  those  cases  where  the  general 
effect  is  desired  rather  than  the  actual  details. 

It  is  obvious  that  books  prepared  along  the  lines  men- 
tioned must  not  only  be  clear  and  concise  beyond  anything 
heretofore  attempted,  but  they  must  also  possess  unequaled 
value  for  reference  purposes.  They  not  only  give  the 
maximum  of  information  in  a  minimum  space,  but  this  infor- 
mation is  so  ingeniously  arranged  and  correlated,  and  the 
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indexes  are  so  full  and  complete,  that  it  can  at  once  be 
made  available  to  the  reader.  The  numerous  examples  and 
explanatory  remarks,  together  with  the  absence  of  long 
demonstrations  and  abstruse  mathematical  calculations,  are 
of  great  assistance  in  helping  one  to  select  the  proper  for- 
mula, method,  or  process  and  in  teaching  him  how  and 
when  it  should  be  used. 

This  volume  treats  of  gas  making,  gas  supply  and  distri- 
bution, and  appliances  for  lighting  and  heating,  and  is 
valuable  to  all  who  are  interested  in  the  use,  supply,  and 
distribution  of  gas  for  domestic  purposes.  It  also  treats 
of  plumbing  materials  and  tools,  soldering  and  wiping, 
sheet-lead  and  lead-pipe  work,  cast-iron,  wrought-iron,  and 
brass  pipe  work,  and  plumbing  fixtures,  such  as  sinks,  wash 
tubs,  baths,  wash  basins,  drinking  fountains,  and  urinals. 
The  entire  volume  is  particularly  valuable  to  those  engaged 
in  the  plumbing  and  gas-fitting  business,  such  as  master 
plumbers,  journeymen,  apprentices,  helpers,  plumbers' 
bookkeepers,  the  employes  of  gas  corporations,  etc., 
and  for  reference  purposes  to  architects,  architectural 
draftsmen,  general  contractors,  building  superintendents. 
building  inspectors,  plumbing  inspectors,  board-of -health 
oflScials,  sanitary  inspectors,  and  others  interested  in  prac- 
tical plumbing,  or  modern  sanitation. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc-  is 
such  that  each  subject  or  part,  when  the  subject  is  divided 
into  two  or  more  parts,  is  complete  in  itself;  hence,  in  order 
to  make  the  index  intelligible,  it  was  necessary  to  give  each 
subject  or  part  a  number.  This  number  is  placed  at  the  top 
of  each  page,  on  the  headline,  opposite  the  page  number; 
and  to  distinguish  it  from  the  page  number  it  is  preceded  by 
the  printer's  section  mark  {§).  Consequently,  a  reference 
such  as  §  16,  page  26,  will  be  readily  found  by  looking  along 
the  inside  edges  of  the  headlines  until  §  16  is  found,  and 
then  through  §  16  until  page  26  is  found. 

Imtermatiomal  Textbook  Company 
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INTRODUCTION 


USES  OF  GAS 


ADVANTAGES 

,  1.  The  use  of  gas  for  fuel  and  illumination  has  increased 
enormously  within  the  last  decade,  and  there  is  a  general 
tendency  among  manufacturers  and  domestic  users  to  employ 
gaseous  fuel  in  preference  to  coal  whenever  practicable. 

The  advantages  of  gaseous  fuel  over  all  forms  of  solid  fuel, 
in  way  of  convenience  and  freedom  from  dirt,  are  so  great 
that  its  use  is  likely  to  become  universal.  It  is  now  used  for 
a  great  variety  of  mechanical  and  other  manufacturing 
operations,  ranging  from  the  delicate  work  of  tempering  hair 
springs  for  watches  to  the  gigantic  operations  of  glass  melt- 
ing and  steel  making.  In  dwellings,  it  is  used  to  great 
advantage  for  cooking,  ironing,  drying,  heating  water,  and 
in  recent  years  has  been  used  successfully  for  house  warming. 
For  direct  heating,  it  is  burned  in  gas  stoves  and  fireplaces, 
and,  for  hot-water  or  hot-air  heating,  it  is  used  in  specially 
designed  boilers  and  furnaces. 

One  of  the  circumstances  that  tend  to  increase  the  general 
use  of  gas,  is  the  readiness  with  which  it  can,  by  means  of 
suitable  gas  engines,  be  used  to  generate  ]»ower.  These 
motors  are  made  in  all  sizes,  from  mere  toys  to  engines  of 
500  horsepower;  and,  owing  to  their  great  convenience  and 
remarkable  economy,  their  use  is  likely  to  hcconic  general. 
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KINDS  OF  GAS 

S.  Until  recent  years  only  one  kind  of  gas  was  used  for 
illuminating  and  heating  purposes,  and  that  was  obtained  by 
the  distillation  of  bituminous  coal.  The  demand  for  gas  for 
heating  purposes,  however,  became  so  great,  that  new  proc- 
esses were  invented,  and  other  varieties  of  gas  have  been 
introduced,  so  that  now  all  forms  of  gaseous  fuel  are  called 
by  the  general  name  of  gas.  The  kinds  of  gas  now  com- 
monly used  are  as  follows :  Coal  gns,  oil  gas,  -water  gas, 
producer  gas,  natural  gas,  gasoline  gas  (or  carbureted  air), 
and  acetylene. 

MAlOrFACTURE  OF  GAS 
coaIj  gas 


PROPERTIES 

3,  Introduction. — Coal  Sftk»  is  produced  by  the  destruc 

tive  distillation  of  bituminous  coal  in  ovens,  or  retorts.  These 
are  as  nearly  as  possible  air-tight  and  are  heated  externally 
by  a  furnace.  A  very  simple  experiment,  that  may  be  used 
to  illustrate  the  production  of  coal  gas  in  a  crude  way,  is 
as  follows:  Take  an  ordinary  clay  pipe  and,  nearly  tilling 
the  bowl  with  soft  coal  such  as  blacksmiths  use,  close  the 
mouth  of  the  bowl  with  damp  clay.  Place  the  pipe  in  a  fire- 
place or  stove  in  such  a  way  that  while  the  bowl  is  in  the 
fire  the  stem  will  be  outside.  In  a  short  time  coal  gas  will 
begin  to  issue  from  the  small  hole  in  the  stem,  and  on  being 
lighted  this  gas  will  burn  with  a  bright  flame  in  a  manner 
similar  to  ordinary  illuminating  gas. 

4.  Composition. — Coal  gas  is  not  a  .simple  gas,  but  is  a 
mi.xture  of  a  number  of  gases  the  amounts ')f  which,  present 
in  a  given  volume  of  coal  gas,  vary  somewhat  according  to 
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the  kind  of  coal  used  and  the   temperature  at  which  it  is 
carbonized. 

The  following  may  be  considered  to  be  about  the  average 
results  found  by  a  volumetric  analysis: 

Hydrocarbon  vapors .6 

Carbon  dioxide 3.4 

Heavy  hydrocarbons 4.4 

Oxygen .3 

Carbon  monoxide 10.1 

Hydrogen 45.9 

Marsh  gas 30 . 6 

Nitrogen 4.7 

100.0 

The  above  is  an  analysis  of  purified  gas  from  which  the 
carbon  dioxide  has  not  been  removed. 

5.  Impurities. — In  the  unpurified  state,  coal  gas  also 
contains  ammonia,  sulphureted  hydrogen,  and  a  small  per- 
centage of  other  compounds,  mainly  carbon  bisulphide.  Of 
these  impurities,  the  two  former  must  always  be  removed, 
but  the  amount  of  carbon  bisulphide  present  is  so  small  that 
in  most  American  works  no  attempt  is  made  to  remove  that 
which  escapes  with  the  gas  after  it  has  passed  through  the 
washer.  When  the  gas  is  driven  out  of  the  coal  by  heat,  it 
contains  a  certain  proportion  of  hydrocarbons  that  are  vola- 
tile only  at  a  high  heat;  these  begin  to  condense  as  soon  as 
the  gas  begins  to  cool,  forming  tar.  The  non-volatile  part 
of  the  coal,  which  remains  when  all  the  gas  has  been  driven 
off,  is  called  coke.  In  addition  to  this,  some  of  the  hydro- 
carbons attach  themselves  to  the  hot  walls  of  the  retorts, 
forming  retort  cai'lK>n,  which  must  be  removed  at  intervals 
of  from  2  weeks  to  2  or  3  months,  according  to  the  conditions 
under  which  the  retorts  are  operated.  The  length  of  time 
required  to  drive  the  gas  entirely  from  the  coal  varios 
according  to  the  heat  to  which  it  is  subjected,  less  time 
being  required  as  the  temperature  of  the  retort  is  raised. 
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It  is  now  almost  the  universal  custom  to  keep  the  retorts 
at  such  a  temperature  as  is  sufficient  to  drive  off  the  gas 
in  about  i  hours.  Under  these  conditions  a  long  ton, 
or  'i,'iiO  pounds,  of  good  gas  coal  should  produce  about 
10,000  cubic  feet  of  about  17-candlepower  gas,  about 
1,400  pounds  of  coke,  12  gallons  of  tar,  and  4  pounds  of 
ammonia.  With  coal  of  inferior  quality,  however,  these 
iigures  might  be  very  much  different. 

The  term  candlepow^er  of  a  gas  defines  its  light-giving 
quality.  It  is  measured  while  the  gas  is  burning  in  an  open 
burner  at  the  rate  of  5  cubic  feet  per  hour,  and  comparing 
the  light  emitted  with  that  of  a  standard  candle.  This 
candle  is  one  that  will  burn  120  grains  of  spermaceti  per 
hour. 

6.  Enriching  Gas. — In  many  works,  the  gas  is  enriched 
to  over  30  candlepower  either  by  mixing  with  water  gas,  or 
by  the  use  of  oil,  or  cannel  coal.  This  coal  yields  gas  of  high 
illuminating  value,  but  the  coke  from  it  is  of  poor  quality. 

7.  Gas  Coal. — Gas  coal,  to  get  the  best  results,  should 
be  broken  into  lumps  from  2  to  3  inches  square  and  should 
be  as  free  as  possible  from  slack.  The  following  is  an 
analysis,  by  weight,  of  fairly  good  gas  coal: 

Volatile  matter 36.00 

Fixed  carbon 57 .  96 

Water 1.51 

Sulphur H3 

Ash 3.60 

100.00 

8.  Specific  Gravity  and  Odor  of  Coal  Ghh. — Ordinary 
coal  gas  has  a  specific  gravity  of  about  .45,  air  being  taken 
as  unity.  It  yields  about  650  British  thermal  units  per 
cubic  foot. 

The  well-known  pungent  <K\»r  of  coal  gas  is  due  mainly  to 
the  olenaiit  gn-s,  com|)osed  of  what  is  known  as  the  heavy 
hydrocarbons,  which  are  present. 
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BT  PRODUCTS 

9.  The  toy  products  of  coal-gas  manufacture  are  coke, 
tar,  and  ammonia. 

10.  Gas  coke  is  not  hard  enough  for  blast-furnace  work, 
but  it  makes  an  excellent  domestic  fuel,  as  it  burns  frefely 
with  a  light  draft,  gives  no  smoke,  and  is  clean  to  handle. 
Most  gas  companies  find  a  ready  market  for  all  the  coke 
that  is  not  used  about  the  works.  Coke  is  frequently  sold 
by  the  bushel  instead  of  by  weight.  It  weighs  from  33 
to  33  pounds  per  cubic  foot,  and  from  35  to  4a  pounds  per 
heaped  bushel,  averaging  about  '&%  pounds. 

11.  In  the  early  history  of  gas  manufacture  there  was 
little  demand  for  tar,  and  it  was  frequently  allowed  to  run 
to  waste  or  was  burned,  but  modern  chemistry  has  developed 
the  fact  that  coal  tar  is  a  very  complex  substance,  contain- 
ing more  than  600  different  products,  among  which  are 
many  different  kinds  of  coloring  matters  and  chemicals  of 
commercial  value.  Tar  is  also  of  considerable  value  as  a 
fuel  and  is  sometimes  used  as  such  in  the  gasworks.  It 
is  usually  sold  by  the  gallon. 

13.  Ammonia  is  produced  during  the  carbonization  of 
coal  by  the  union  of  hydrogen  and  nitrogen.  It  is  readily 
absorbed  by  water,  which  will  take  up  about  700  times  its 
own  volume  of  ammonia  gas,  at  a  temperature  of  60°  F. 
As  the  temperature  of  water  is  raised,  it  rapidly  loses  its 
power  of  absorbing  ammonia,  and  at  180°  no  ammonia  can 
be  absorbed-  Ammonia  is  always  removed  from  gas  by 
allowing  the  gas  to  come  in  contact  with  water,  the  supply 
of  which  is  usually  so  regulated  that  a  weak  ammoniacal 
liquor  of  about  3°  specific  gravity,  as  shown  by  a  Twaddle 
hydrometer,  is  produced.  This  is  usually  distilled  at  the 
works,  and  either  ammonium  sulphate  or  crude  ammoniacal 
liquor,  which  is  from  15  to  20  per  cent,  ammonia,  by  weight, 
is  produced.  It  is  then  sold  on  the  basis  of  the  number  of 
pounds  of  ammonia  in  the  material. 
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A  COAI^GAS  PLANT 


13,  Ketorts.— In  Fig.  1  is  shown  the  general  appear- 
ance of  a  bench  of  retorts.  The  retorts  a,  a  are  heated  by 
means  of  a  fire  on  the  grate  /.     From  a,  the  gas  passes  up 


through  the  stand  pipes  b,  b  and  through  the  hydraulic 
main  e,  where  the  greater  part  of  the  tar  and  water  vapor  is 
removed.  Each  pipe  b  curves  downwards  on  entering  e,  and 
has  its  mouth  below  the  surface  of  the  tar  and  ammonia 
contained  in  e.  This  forms  an  effectual  seal,  preventing 
the  gas  from  flowing  back  to  the  retorts  when  they  are 
opened  for  charging.  The  surplus  tar  and  water  flows  off 
through  the  pipe  h  to  the  tar  well.  From  the  hydraulic 
main,  the  gas  passes  through  c,  c  to  an  exhauster,  or  pump, 
and  thence  to  the  condenser. 
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14.  General  Arrangement. — A  general  idea  of  an 
entire  plant  may  be  obtained  from  Fig.  2,  wherein  the 
exhauster  and  station  meter  are  omitted.  The  station 
meter  is  a  large  device  used  for  measuring  the  gas,  and 
is  placed  between  the  purifier  and  the  gas  holder.  The 
exhauster  is  placed  between  the  condenser  and  the  scrubber 
to  avoid  back  pressure  in  the  retorts.  Referring  to  Fig.  'i, 
the  gas  passes  from  the  hydraulic  main  e  through  c,  and 
down  d  to  the  condenser/",  where  the  gas  is  compelled  to 
pass  through  the  curved  pipes.     These  pipes  are  sometimes 


cooled  by  the  atmosphere,  in  which  case  the  number  of 
pipes  must  be  very  large.  In  others,  the  pipes  are  sur- 
rounded by  water,  and  the  number  of  pipes  can  be  made 
very  much  less  than  when  cooled  by  air.  After  passing 
through  /,  and  leaving  the  remainder  of  the  tar  water 
behind  in  the  base  of  the  condenser,  from  whence  the  over- 
flow passes  out  through  the  bent  pipe  /',  the  gas  goes  to  the 
scrubber^.  There  it  passes  over  large  wet  surfaces,  such  as 
coke  or  small  wood  brush.  Should  any  of  the  tar  remain,  after 
passing  through  the  condenser,  it  is  deposited  in  the  scrub- 
ber.    Only  a  small  portion  of  the  ammonia  is  carried  past. 


D.qit.zeaOvGoOt^lc 


8  GAS  MAKING  §  13 

The  gas  still  contains  some  sulphur  compounds  and  car- 
bon dioxide.  To  free  it  from  these  substances,  the  gas 
next  goes  to  the  purifier ;»,  where  it  passes  through  trays  of 
dry  or  slightly  dampened  lime.  This  removes  most  of 
the  impurities,  and  the  gas,  now  ready  for  use,  flows 
through  /  to  the  gas  holder  q,  where  it  is  stored.  From  q 
it  passes  through  x  to  the  station  meter  and  pressure 
governor,  and  thence  to  the  gas  mains. 


WATER  GAS 

PROPRRTIES 

15.  Compoeftion. — Water  g;as  is  a  mixture  of  hydro- 
gen and  carbon  monoxide.  It  is  made  commercially  by  the 
contact  of  steam  with  incandescent  carbon  in  the  form  of 
anthracite  coal  or  coke.  The  steam  is  decomposed,  the 
hydrogen  being  separated  from  the  oxygen.  The  oxygen  ■ 
takes  up  carbon  from  the  coal  or  coke  and  forms  carbon 
monoxide,  along  with  a  small  amount  of  carbon  dioxide. 
The  resultant  gases  from  the  contact  of  steam  with  incan- 
descent carbon  are  then  mainly  hydrogen  and  carbon  mon- 
oxide, chemically  separate  but  mechanically  mixed  together. 
This  is  what  is  called  blue,  or  un carbureted,  water  gas.  It 
burns  with  a  non-luminous  flame  and  is  consequently  useless 
for  lighting  purposes  except  in  incandescent  lamps  of  the 
Wclshach  type.  In  actual  practice,  this  water  gas  is  always 
enriched  with  oil  gas,  which  furnishes  the  hydrocarbons 
necessary  to  make  a  luminous  flame.  The  oil  gas  was  made 
separately  in  many  of  the  older  forms  of  apparatus,  but  it  is 
now  commonly  produced  in  the  same  machine  in  which  the 
water  gas  is  made. 

16.  Impurity. — The'  only  impurity  found  in  water  gas, 
which  must  be  removed,  is  sulphureted  hydrogen,  which  is 
formed  from  the  sulphur  always  present  in  greater  or  Jess 
amount  in  the  coal  or  coke,  and  sometimes  in  the  oil.  The 
sulphureted  hydrogen  is  removed  by  purification  with  lime 
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or  iron  oxide,  in  the  same  way  that  the  purification  of  coal 
^as  is  accomplished. 

Carbon  dioxide,  which  is  formed  by  either  imperfect  con- 
tact of  the  steam  with  the  incandescent  carbon,  or  because 
the  temperature  of  the  carbon  is  too  low,  is  not  a  dangerous 
impurity,  but  is  merely  an  inert  gas,  incapable  of  combus- 
tion. However,  it  absorbs  heat  when  the  gas  is  burned, 
and  consequently  reduces  the  heating  and  lighting  power. 
It  can  be  removed  by  purification  with  lime,  but  purification 
is  not  necessary  if  the  generating  apparatus  is  handled 
properly,  as  the  quantity  made  will  be  very  small.  No 
ammonia  is  produced. 

17.  Analysis. — The  following  is  a  volumetric  analysis 
of  a  sample  of  purified  water  gas: 

Hydrocarbon  vapors 1.3 

Carbon  dioxide, 3.0 

Heavy  hydrocarbons 13.6 

Oxygen   i 

Carbon  monoxide 28.0 

Hydrogen 31.4 

Methane 20.* 

Nitrogen 3.2 

100. 0 

18.  Coal  and  Oil  Required. — Water  gas  requires  from 
30  to  40  pounds  of  coal  or  coke  per  1,000  cubic  feet  of  gas 
made,  and  from  4  to  5  gallons  of  oil,  depending  on  the 
candlepower  required.  Usually  between  5  and  6  candle- 
power  is  obtained  from  each  gallon  of  oil  used.  There  are 
about  300  heat  units  yielded  per  cubic  foot  of  uncarbureted 
water  gas,  and  about  625  heat  units  are  yielded  by  34  candle- 
power  carbureted  water  gas.  The  specific  gravity  of  24  can- 
dlepower water  gas  is  about  .625,  air  being  taken  as  unity. 

Pure  uncarbureted  gas  has  no  perceptible  odor,  but  the 
carbureted  gas  has  an  odor  fully  as  strong  as  coal  gas. 
This  is  mainly  due  to  the  hydrocarbons  from  the  oil  that  is 
used  for  enriching. 
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WATER-GAS  «f  ACHTNES 

19.  Almost  all  the  -wBter-gras  machines  now  in  use 
are  modifications  of  the  Jjowe  tj-pe.  The  Lowe  type  of 
machines  consist  of  a  generator,  where  the  blue  water  gas  is 
produced,  and  a  superheater,  or  a  carbureter  and  a  super- 
heater, where  the  oil  is  vaporised  and  mixed  with  the  blue 
water  gas.  The  generator  is  a  circular  steel  sheet,  the 
height  of  which  is  about  one  and  a  half  times  the  diameter. 
It  is  lined  with  a  double  lining  of  firebrick  blocks  and  is 
provided  with  grate  bars  at  the  lower  end  and  with  air-tight 
doors  at  the  top,  where  the  coal  is  charged  in,  and  at  the 
bottom,  where  the  clinkers  are  taken  out.  There  are  also 
connections  for  the  escape  of  the  gas  and  for  the  proper 
supply  of  steam  and  air.  The  capacity  of  any  generator 
depends  largely  on  the  grate  area  and  may  be  figured  at  a 
minimum  of  20,000  cubic  feet  of  gas  per  square  foot  of 
grate  surface  per  24  hours. 

SO.  An  example  of  a  water-gas  plant  is  given  in  Fig.  3, 
The  generator  a  is  first  filled,  to  the  height  shown  in  the 
figure,  with  clean  anthracite,  egg  size.  The  coal  is  fed 
through/,  from  the  second  floor,  where  the  coal  is  stored. 
The  coal  in  the  generator  is  ignited,  and  is  raised  to  a  very 
high  temperature  by  means  of  an  air  blast.  The  gases 
passing  through  the  pipe /"in  the  direction  of  the  arrows 
again  meet  with  an  air  blast  at^,  which  blows  them  in  a 
hot  flame  through  the  superheater/,  and  out  through  the 
valve  A  to  the  smokestack.  The  body  of  the  superheater  is 
fliled  with  loose  firebrick,  which  takes  up  the  heat  from  the 
passing  gases. 

On  the  bricks  becoming  sufficiently  heated,  the  air  blast 
is  shut  off,  the  valve  /i  is  closed,  and  steam  at  a  very  high 
temperature  enters  through  the  pipe  e.  Coming  in  contact 
with  the  white-hot  coal,  the  o.tygen  and  hydrogen  separate, 
forming  water  gas  with  the  carbon  of  the  coal.  This  gas 
passes  through  the  superheater,  where  any  steam  remaining 
is  further  broken  up,  and  flowing  out  through  »  passes 
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through  the  washer  to  the  scrubber  y,  and  thence  to  the 
condensing  apparatus. 

The  water  gas,  as  it  now  is,  burns  with  a  pale-bhie  flame, 
giving  little  or  no  light.  On  this  account  it  is  necessary,  in 
order  to  make  the  gas  a  good  light  giver,  to  add  some 
hydrocarbon.  For  this  purpose  oil  is  allowed  to  flow  in  a 
fine  stream  into  the  generator  from  the  reservoir  i»,  during 
the  passage  of  the  steam.  These  hydrocarbons  make  the 
gas  flame  white,  and  water  gas,  prof)er!y  treated  in  this 
way,  gives  a  much  brighter  flame  than  coal  gas.  The 
hydrocarbons  are  often  added  after  the  gas  is  purified;  they 
are  not  needed,  however,  when  the  gas  is  to  be  used  for 
heating  purposes  or  for  gas  engines. 


ARCHER  GAS 

21.  Archer  gas  is  water  gas  made  from  crude  petro- 
leum by  a  continuous  process;  it  derives  its  name  from  the 
inventor  of  the  apparatus.  The  oil  is  pumped  in  a  small 
stream  into  a  red-hot  retort,  where  it  is  quickly  reduced  to 
vapor  by  the  heat.  The  oil  vapor  is  then  mixed  with  a 
current  of  superheated  steam,  and  the  mixture  is  driven 
through  a  long  coil  of  very  hot  pipe.  The  oxygen  of  the 
steam  unites  with  the  carbon  of  the  oil,  forming  carbon 
monoxide,  and  the  hydrogen  is  set  free.  The  resulting  gas 
is  permanent,  and  is  of  high  value  for  heating  purposes.  It 
is  produced  at  a  pressure  of  8  to  10  pounds  per  square  inch. 


THE  PROCESS 

23.  Oil  gas  is  made,  in  much  the  same  manner  as 
coal  gas,  by  the  process  known  as  destructive  distilla- 
tion. This  process  consists  in  heating  the  oil  to  a  very 
high  tempprature  and  causing  the  heavy  hydrocarbons  it 
contains  to  break   up   into  the  lighter  or   gaseous  forms. 
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In  the  manufacture  of  this  gas,  not  only  is  petroleum  util- 
ized, but  also  there  are 
many  animal  and  vege- 
table fats  and  oils  used  as 
well;  among  these  are  to 
be  found  the  waste  fats 
that  occur  in  the  manu- 
facture of  woolens,  and 
ordinary  rosin. 


OIL-GAS  PLANT 

83.     An  example  of  an 
oil-gas  plant  is  given  in 

the  accompanying  illus- 
tration (Fig.  4).  From 
the  oil-supply  tank  /,  oil 
T  is  allowed  to  flow  into  the 
*  pipe  /,  which  has  the 
form  (O  in  order  that 
some  of  the  oil  will 
remain  in  the  curve  and 
prevent  the  gas  from 
escaping  through  the 
pipe  p.  The  retort  b  is 
kept  at  a  bright-red 
heat,  in  order  that,  as 
soon  as  the  oil  strikes 
it,  it  may  become  gasi-  ■ 
fied;  it  then  passes  out 
through  the  hydraulic 
main  e  to  the  com- 
bined scrubber  and 
condenser  g,  and  the 
purifier*.  Oil  gas 
is  used  extensively 
in    lighting    railroad    trains,    under    the    Pintsch   system. 
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PRODUCER   GAS 


PROPERTIES 

24.  Producer  gas,  properly  so  called,  is  made  without 
the  aid  of  water  in  the  generator.  It  is,  in  fact,  nothing 
more  than  the  products  of  incomplete  combustion  of  the 
fuel  used.  The  average  quality  of  producer  gas  contains 
10  to  15  per  cent,  of  hydrogen,  and  30  to  30  per  cent,  of 
carbon  monoxide.  These  constitute  the  combustible  part 
of  the  gas,  nitrogen  forming  about  40  to  60  per  cent,  of  the 
total  volume.  This  gas  burns  with  a  dull  reddish  flame, 
and  its  value  for  heating  purposes  is  about  one-fourth  that 
of  an  equal  volume  of  good  coal  gas. 

Semi-water  gas  is  a  combination  of  water  and  producer 
gas,  which,  while  containing  less  nitrogen  and  a  larger  per- 
centage of  carbon  monoxide  and  hydrogen  than  producer 
gas,  is  made  by  a  continuous  process. 


GENERATION 

25.     Suppose  the   generator  n.  Fig.   3,  to  be  connected 

directly  to  the  washer.  The  air  blast  being  on,  the  gas  is 
allowed  to  pass  directly  through  y"  to  the  washer.  Then,  if 
the  air  supply  is  properly  regulated,  the  carbon  of  the  fuel 
burns  to  carbon  monoxide,  a  highly  inflammable  gas; 
the  nitrogen  of  the  air  is  carried  with  the  gas,  and  we  have, 
as  a  result,  a  mixture  of  carbon  monoxide,  carbon  dioxide,  and 
nitrogen,  together  with  small  quantities  of  marsh  gas  and 
hydrogen  that  were  originally  combined  with  the  carbon  in 
the  coal.  Nitrogen  forming,  as  it  does,  four-fifths  of  the 
atmosphere,  must  necessarily  be  present  in  a  large  (jiiantity. 
This  gas  will  neither  burn  nor  assist  in  burning,  but  is  a 
nuisance,  particularly  when  the  gas  is  used  in  tiie  gas 
engine,  as  it  takes  up  room  anil  carries  off  heat.  More  than 
half,  usually  about  six-tenths,  of  the  volume   of   producer 
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gas  consists  of  nitrogen.  As  this  gas  cannot  be  gotten  rid 
of  by  any  inexpensive  process,  the  value  of  producer  gas  for 
gas-engine  use  is  not  very  great.  It  can  be  used  with 
profit,  however,  where  the  gas  would  otherwise  be  wasted, 
as  when  made  in  the  manufacture  of  pig  iron,  or  where  the' 
gas  is  made  from  very  cheap  coal  refuse,  as  culm.  The 
manufacture  of  producer  gas  being  a  continuous  process, 
has  led  to  the  invention  of  the  modern,  so-called  producer- 
gas  processes,  in  which  water  plays  an  important  part. 


ACBTYLENK 


PROPERTIES 

26.  Acetylene  is  a  pure  hydrocarbon  gas;  it  is  repre- 
sented by  the  chemical  formula  C,//,. 

Acetylene  contains  a  higher  percentage  of  carbon  than 
any  other  hydrocarbon,  the  composition  by  weight  being 
92,3  per  cent,  carbon  and  7.7  per  cent,  hydrogen.  The  gas 
is  colorless,  and  the  commercial  article  has  a  strong  odor 
suggestive  of  garlic.  This  odor  is  mainly  due  to  the  pres- 
ence of  small  quantities  of  various  impurities;  where  these 
are  not  present  there  is  only  a  slight,  and  by  no  means  dis- 
agreeable, ethereal  smell.  Acetylene  is  very  readily  soluble 
in  water.  At  ordinary  temperatures,  12  cubic  feet  of  water 
will  absorb  about  13  cubic  feet  of  acetylene.  The  specific 
gravity  is  .91,  air  being  taken  as  unity.  In  burning  1  cubic 
foot  of  acetylene,  1,3S5  heat  units  are  developed.  Acetyl- 
ene burns  with  almost  perfect  combustion  and  no  smell  is 
noticeable  from  the  burners.  Where  an  odor  of  acetylene  is 
discernible,  it  is  an  evidence  that  there  is  a  leak.  Acetylene 
gives  a  clear  white  light  very  similar  to  sunlight,  and  all 
substances  show  their  true  colors  when  illuminated  by  it. 

The  candlepower,  under  the  most  favorable  conditions,  is 
about  240  for  a  consumption  of  .5  cubic  feet  per  hour,  but  it 
must  be  noted  that  it  is  impossible  to  get  economical  results 
with  a  flame  giving  more  than  50 candlepower. 
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Acetylene  is  usually  burned  through  half-foot  burners, 
that  is,  burners  that  burn  J  cubic  foot  of  gas  per  hour,  each 
burner  yielding  in  ordinary  practice  about  ao  candlepower. 
Where  more  light  is  desired  in  one  place  several  such  burners 
are  grouped  together. 


PRODUCTION 

27.  Materials. — Acetylene  is  produced  commercially  by 
adding  water  to  a  substance  known  as  calcium  carbide. 
This  is  a  stone-like  material,  usually  dark-brown  or  black  in 
color.  It  cannot  be  burned  and  will  keep  indefinitely  if 
kept  sealed  from  the  air.  If  left  exposed,  the  moisture  in 
the  atmosphere  gradually  slakes  it  and  it  eventually  turns 
to  slaked  lime.  It  always  gives  off  an  acetylene  odor  due 
to  the  fact  that  the  moisture  in  the  air  is  constantly  decom- 
posing it  and  producing  small  quantities  of  acetylene. 

Calcium  carbide  is  produced  by  fusing  together  carbon,  in 
the  form  of  ground  coke  and  lime,  in  the  intense  heat  of  an 
electric  furnace. 

When  water  is  added  to  calcium  carbide  it  is  decomposed 
according  to  the  following  formula: 

Carbide      Water      Slaked  Lime     Acetylene 
CaC,  +  %Hft  =  Ca{OH\  +  C^H, 

One  pound  of  absolutely  pure  calcium  carbide  will  produce 
about  5.5  cubic  feet  of  acetylene,  but  carbide  as  usually  sold 
is  not  pure,  and  the  yield  of  acetylene  will  be  5  cubic  feet, 
or  less,  per  pound  of  carbide. 

38.  Impurities, — The  impurities  found  in  calcium  car- 
bide, and  consequently  in  acetylene,  are  jihosphoriis,  sulphur, 
ammonia,  and  traces  of  hydrogen  and  silicon  hydride.  Any 
unfused  carbon,  and  the  ash  from  the  coke,  that  may  be 
present  in  the  calcium  carbide,  will  be  found  in  the  residue 
of  slaked  lime  after  the  ;;lis  h;is  been  driven  ()ff. 

The  phosphorus  and  sulphur,  in  Uit^  form  of  |>liospluireled 
hydrogen  and  sulphureted  hydrogen,  are  the  only  impurities 
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that  might  prove  objectionable,  but  where  good  carbide  is 
used  the  quantities  of  these  are  so  small  that  they  may  be 
neglected, 

29.  Pnriflcatton. — The  ammonia  and  sulphureted  hydro- 
gen may  be  largely  removed  by  the  washing  that  the  gas 
gets  in  a  carbide-feed  generator  as  it  bubbles  up  through  the 
water,  or  in  the  case  of  a  water-feed  generator,  by  making 
the  gas  bubble  through  a  washer  after  it  is  generated.  Any 
considerable  amount  of  phosphureted  hydrogen  in  acetylene 
will  cause  burner  stoppage  and  the  production  of  a  kind  of 
white  haze,  which  is  also  produced  when  acetylene  is  burned 
where  there  is  not  good  ventilation,  as  in  store  windows. 
Where  it  is  necessary  to  remove  the  phosphureted  hydrogen, 
it  can  be  done  by  passing  the  gas  through  a  chemical 
scrubber  containing  some  oxidizing  agent,  such  as  chromic 
acid,  or  through  chloride  of  lime.  The  latter  is  perhaps 
the  most  efficient  purifying  agent,  but  it  is  difficult  to  use 
because  it  has  a  tendency  to  lump  together  when  moist  and 
prevent  the  easy  passage  of  gas.  A  substance  known  as 
poratylene  has,  however,  been  invented,  which  does  the 
work  excellently.  It  is  a  mixture  of  chloride  of  lime  with 
other  lime  salts,  and  is  produced  in  a  porous  lumpy  state. 
It  causes  but  little  resistance  to  the  passage  of  gas,  and 
removes  not  only  all  the  phosphureted  hydrogen  but  also  the 
water  vapor,  so  that  the  condensation  of  water  in  the  pipes 
is  avoided.  The  vessel  tliat  contains  it  is  usually  placed  at 
the  outlet  of  the  gasometer  or  storage  tank,  so  that  the  gas 
after  passing  through  it  does  not  come  in  contact  with  any 
more  water  but  goes  directly  into  the  pipes  for  use.  The 
purifying  vessel  is  usually  a  small  cylindrical  tank  that  is 
partly  filled  with  the  purifying  material.  The  gas  is  usually 
passed  in  at  the  lop  of  this  vessel  and  out  at  the  bottom. 

30.  Heat  Generated. — In  the  production  of  acetylene, 
a  large  amount  of  heat  is  generated.  This  heat  may  be 
localized  so  as  to  be  harmful  to  the  acetylene  produced,  or 
it  maybe  diffused  so  as  to  do  no  harm,  according  to  the  way 
the  water  and  acetylene  are  brought  together. 
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Thus,  if  water  is  allowed  to  drip  slowly  on  a  mass  of  car- 
bide, local  overheating  will  occur  and  the  acetylene  may  be 
partly  broken  up  into  other  hydrocarbon  compounds  of  an 
oily  nature;  the candlepower  will  be  ip»ch  reduced  thereby 
and  there  will  be  a  tendency  for  the  burners  to  clog  and 
carbonize. 

31.     Lime  Dust. — Carbide,  when  heated,  has  a  tendency 

to  give  off  lime  dust,  which  will  choke  the  burners  and  may 
even  fill  the  pipes  up  completely  with  a  deposit  of  lime. 
This  trouble  may  be  partly  overcome  by  the  use  of  filters  of 
cotton  or  thin  cloth,  or  by  making  the  acetylene  bubble 
through  a  washer.  Where  the  carbide  is  dropped  in  small 
lumps  into  a  considerable  volume  of  water,  the  water 
absorbs  the  heat  and  the  gas  bubbles  out  of  the  water,  cool 
and  free  from  dust. 

33.  By  Product. — The  sludge  of  lime  waste  that  is  left 
after  all  the  acetylene  has  been  evolved  should  be  of  a 
whitish  color;  if  yellow  or  brown,  it  is  a  sure  indication 
that  the  heat  has  been  too  high.  This  residue  is  harmless 
and  will  not  burn.  It  packs  well  and  makes  good  walks  or 
drives,  and  as  it  consists  mostly  of  the  hydrate  and  carbon- 
ate of  lime,  it  is  valuable  as  a  fertilizer. 

33.  lll^h  Pressure. — Acetylene  is  an  endothermlc 
coinpotind.  This  means  that  heat  is  absorbed  when  it  is 
developed  and  is  given  off  when  it  is  decomposed.  If  acetyl- 
ene is  compressed,  so  that  the  particles  of  gas  are  forced 
together  more,  by  a  pressure  of  150  pounds  to  the  square 
inch,  or  more,  it  may  be  decomposed  when  subjected  to 
high  heats  and  may  become  violently  explosive.  The  use 
or  possession  of  liquid  acetylene  or  of  acetylene  at  high 
pressure  is  dangerous  and  should  be  avoided,  but  acetylene 
at  ordinary  temperatures  cannot  he  exploded,  unless  it  is 
mixed  with  air  and  ignited.  If  subjected  to  high  heats  at 
ordinary  pressures,  without  the  presence  of  air,  it  will  merely 
decompose  into  other  hydrocarbon  forms,  such  as  benzine, 
methane,  etc. 
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34.  Explosiveness.  —  Acetylene,  ip  common  with  all 
other  combustible  gases,  is  explosive  when  mixed  with  air 
in  certain  proportions.  One  part  of  acetylene  mixed  with 
l'i.5  parts  of  air  will  produce  perfect  combustion  and  most 
violent  explosion,  but  an  admixture  of  from  .03  to  .8S  parts 
of  air  will  also  explode  with  violence.  Moreover,  the  igniting 
temperature  of  acetylene  is  comparatively  low.  While 
ordinary  coal  gas  ignites  at  about  1,100°  F.,  the  ignition 
point  of  acetylene  is  about  900°  F.,  and  it  may  therefore  be 
lighted  by  a  cigar  or  cigarette.  It  will  readily  be  seen 
from  the  foregoing  statement  that  acetylene  must  be 
handled  with  care,  but  as  a  mixture  of  1  part  of  acetylene  in 
10,000  parts  of  air  may  be  readily  detected  by  the  smell, 
leaks  may  be  located  and  stopped  long  before  there  is 
danger  of  an  explosion. 

It  is  dangerous,  however,  to  look  for  leaks  with  a  match  or 
candle,  and  all  tests  should  be  made  with  a  little  soap  and 
water.  The  soap  suds  should  be  brushed  on  wherever  a 
leak  is  suspected ;  the  formation  of  soap  bubbles  will  indi- 
cate its  location. 

S5.  With  properly  installed  piping  and  a  properly  con- 
structed and  placed  generator,  there  Is  absolutely  no  danger 
in  the  production  of  acetylene  in  the  cellars  or  other  suitable 
parts  of  residences,  provided  the  apparatus  is  handled  by  a 
person  who  has  been  properly  instructed,  and  provided  good 
judgment  and  common  sense  are  used. 

This  is  made  evident  by  the  fact  that  the  Fire  Under- 
writers make  no  objection  to  the  installation  of  any  one  of 
the  numerous  generators  that  have  been  tested  and  approved 
by  their  experts,  and  are  installed  in  accordance  with  the 
requirements  of  local  laws  or  ordinances. 


GENERATORS 

3i8.    Types. — There  are  five  general  types  of  generators 
in  use;  viz.,  the  spray  type,  the  ovirfioxv  type,  tl 
type,  the  dip  type,  and  the  drop,  or  plunge,  type. 
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37.  The  spray  generator  is  shown  in  Fig.  5".  It  con- 
sists of  a  drum,  or  shell,  a,  either  cylindrical  or  square,  into 
which  a  pan  It  of  carbide  is  introduced  through  a  removable 
head  c.    Water  from  a  spray  tube  <i  is  allowed  to  drip  on 


this  carbide,  as  shown,  the  supply  being  usually  cut  off 
automatically  by  the  increase  in  pressure  of  the  gas  in  the 
generator,  or  by  the  raising  of  the  bell  of  a  small  gas  holder 
when  gas  is  produced  more  rapidly  than  it  is  required. 

Spray  generators  are  likely  to  overheat  the  g:;.,  causing  a 
loss  of  candlepower,  and  the  choking  of  the  burners. 

Steam  is  frequently  generated  when  the  water  strikes  the 
carbide  and  lime  dust  is  thrown  off,  which  will  clog  the 
pipes  and  burners.  This  type  of  generator  is  divided  into 
two  subdivisions,  the  dry  and  wet.  In  the  first  form 
only  enough  water  is  added  to  produce  the  gas,  the  residue 
being  removed  in  a  dry  state.  These  machines  are  waste- 
ful because  some  of  the  carbide  is  frequently  removed 
unused,  and  the  unused  carbide  is  sure  to  give  the  residue  a 
very  strong  odor.  In  the  wet  machines  enough  water  is 
run  in  to  flood  the  carbide  before  it  is  removed. 

38.  On  account  of  the  overheating  and  the  lime-dust 
trouble,  the  spray  type  of  generator  is  suitable  only  for 
special  conditions,  such  as  occur  in  bicycle  lamps,  where 
the  spray  or  drip  system  is  the  only  practical  way  to  apply 
the  water  to  the  carbide. 
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39.     In  the  overflow  generator,  shown  in  Fig.   6,  the 


e=iw 


carbide  pan  is  divided  into  a  number  of  small  compartments 
so  arranged  that  when  water  is 
turned  into  the  first  compart- 
ment it  floods  the  carbide  in  that 
before  it  overflows  and  begins 
the  generation  of  gas  in  the  sec-" 
ond.  The  compartments  are  thus 
successively  filled  and  overflowed, 
until  the  carbide  has  all  been 
flooded.  The  water  feed  may  be 
automatically  regulated  by  the 
gas  pressure  or  by  a  mechanism 
on  the  gas  holder. 

Generators  of  this  type  arc 
open  to  the  same  objections  as 
those  of  the  spray  type,  though 
perhaps  to  a  smaller  degree. 
Some  of  them  give  very  fair  re- 
sults in  practical  use. 

40.  In  the  recession  gener- 
ator, shown  in  Fig.  7,  the  carbide 
is  held  suspended  in  baskets  or 
perforated  pans  a,  a,  and  water  is 

allowed  to  rise  in  the  generator  ''"'■ ' 

until  it  reaches  the  carbide,  when  the  production  of  acetylene 
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begins.  Should  gas  be  produced  faster  than  it  is  needed, 
the  pressure  forces  the  water  down,  away  from  the  carbide, 
and  back  through  the  water-supply  pipe  b,  when  generation 
ceases.  The  water  and  residue  are  drained  off  through  a 
drain  pipe  provided  with  a  cock  c,  or  valve,  at  the  bottom 
of  the  generator.  If  the  water  comes  up  to  the  carbide  and 
produces  vigorous  generation  and  then  quickly  recedes,  the 
carbide  is  apt  to  become  so  hot  as  to  be  incandescent,  and 
great  damage  to  the  quality  of  gas  results.  Different 
makes  of  generators  vary  in  their  tendency  to  cause  this 
trouble. 

41.     In  the  dip  generator,  shown  in  Fig.  8,  the  carbide 
is  placed  in  baskets  or  perforated  pans  a,  a,  which  are  sus- 
pended from  the  inside  of  the  bell  b 

of  a  small  gas  holder  or  gasometer. 
As  gas  is  taken  from  the  holder,  it 
gradually  lowers  until  the  carbide 
comes  in  contact  with  the  water  in 
the  tank.  Acetylene  is  then  gener- 
ated, and  if  the  rate  of  generation 
exceeds  the  demand,  the  gas  accu- 
mulates under  the  bell  and  raises  it 
until  the  carbide  does  not  touch  the 
water,  when  the  generation  of  gas 
soon  stops.  The  carbide  in  this 
generator  is  very  apt  to  become 
overheated,  just  as  in  the  recession 
apparatus. 

43.     In   the   tirop  g;enerator, 

shown    in    Fig.   9,   the   carbide   is 
J""-^  allowed   to  fall,  a  small   piece  at  a 

time,  from  a  carbide  chamber,  as  at  a,  into  a  large  volume 
of  water.  Since  the  small  piece  of  carbide  is  dropped  into 
a  large  quantity  of  water,  the  water  absorbs  the  heat  as  fast 
as  it  is  generated,  so  that  the  gas  produced  is  cool,  that  is, 
below  -.il'^"  F.,  and  is  consequently  of  excellent  quality.      As 
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the  gas  bubbles  up  through  the  water  it  is  thoroughly 
washed  and  a  large  proportion  of  the  impurities  are 
removed.  The  residue,  or 
lime  sludge,  drops  to  the 
bottom,  as  at  b,  and  is  re- 
moved from  time  to  time. 
It  has  been  claimed  that  a 
considerable  loss  of  acetyl- 
ene results  in  this  form  of 
apparatus  on  account  of  the 
fact  that  1  cubic  foot  of 
water  will  absorb  a  little 
over  1  cubic  foot  of  acetyl- 
ene. This  is  true  if  the  gas 
has  access  to  pure  water, 
but  as  the  water  in  the  gen- 
erator is  constantly  taking 
up  lime,  the  gas  absorbed 
when  water  is  freshly  added 
is  largely  driven  out  again 
and  the  acetylene  loss  is 
very  slight. 

In  theory,  the  amount  of 
water  required  to  produce  all 
the  acetylene  from  1  pound  ^'"^ ' 

of   carbide   is  .56   pound,  or  a  little  over  half  a  pint,  but 
1  gallon  to  the  pound  is  nearer  the  usual  practice. 

43.  The  granulated  carbide  is  fed  into  the  drop  type  gen- 
erator either  by  hand  or  automatically.  The  former  method 
is  suitable  for  large  establishments  and  public  lighting  plants, 
where  considerable  holder  capacity  is  at  hand  and  where  an 
attendant  can  give  regular  attention  to  the  feeding. 

In  the  early  history  of  acetylene  lighting,  great  difficulty 
was  encountered  in  constructing  an  apparatus  that  would 
successfully  feed  granulated  carbide  automatically,  but 
the  problem  has  now  been  solved  by  many  makers  of 
generators. 
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44.  Gas  Holder  or  Storage  Tank. — All  generators 
should  be  provided  with  a  storage  tank  of  the  "gas-holder  type 
to  take  up  and  store  the  gas  that  generates  after  the  flow  from 
the  machine  has  been  cut  off.  The  storage  tank  prevents  an 
undue  pressure  in  the  generator  due  to  this  after-generation, 

45.  The  gas  holder  shown  in  Fig.  10  is  considered  to  be 
the  best  storage  tank,  because  it  not  only  serves  to  store  the 

gas,  but  also  acts  as  a 
pressure  regulator  and 
maintains  a  constant 
pressure  in  the  piping 
system.  Gasentersthe 
gas  holder  from  the 
generator  through  a 
and  flows  up  an  inner 
tube  b  to  the  space  un- 
der the  floating  bell  c; 
it  then  flows  down 
through  another  inner 
tube  (^  to  the  gas- 
ser  vice  pipes.  The 
bell  rises  and  falls  in 
the  water,  thus  chan- 
ging its  gas-  holding 
space  to  suit  changes 
in  the  volume  of  gas 
delivered  by  the  gen- 
erator without  mate- 
.  rially  changing  the 
pressure  in  the  gas 
pipes.  The  water  at  e 
»'"o-  ■»  serves  as  a  seal  for  the 

mouth  of  a,  while  the  base  of  d  extends  into  e  to  act  as 
an  overflow  for  the  lower  chamber.  The  rod  y"  is  a  guide 
for  the  bell. 

4G,  Another  form  of  storage  apparatus  consists  of  two 
tanks  that  arc  (.onni-cted  together  at  the  bottom  and  partly 
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filled  with  water,  the  top  of  one  being  open  to  the  atmos- 
phere. When  gas  is  admitted  above  the  water  in  the  closed 
tank,  the  pressure  of  the  gas  forces  down  the  water  in  that 
tank  and  correspondingly  up  in  the  other  tank.  This 
apparatus  has  the  disadvantage  of  a  variable  pressure,  the 
pressure  increasing  as  gas  is  added.  Consequently,  some 
form  of  a  reducing  valve  must  be  placed  on  the  outlet  gas 
pipe  in  order  to  insure  a  steady  pressure  at  the  burners,  and 
hence  steadiness  of  light. 

47.  Safety  itlow-Off. — All  generators  should  be  pro- 
vided with  a  safety  valve,  or  seal,  that  will  open  at  a 
pressure  equivalent  to  6  inches  of  water,  and  is  connected 
with  a  pipe  leading  to  the  outside  of  the  building.  The 
safety  valve,  or  seal,  is  intended  to  prevent  an  excess  of 
pressure  in  the  generator. 

As  no  mechanical  blow-off  valve  will  work  properly  at  the 
low  pressures  usually  employed  in  gas  lighting,   the   best 
blow-off  is  formed  by  a  piece  of  pipe  dipping  6  inches  into  a 
water  seal.     Such  a  seal  will  re- 
seal  itself  when  the  pressure  goes 
down. 

Fig.  11  shows  the  operation  of 
such  a  seal.  The  gas  pipe  a  con- 
nects the  trap  to  the  gas  holder, 
or  generator,  but  no  valve  or  shut- 
off  cocks  must  be  placed  between 
this  trap  and  the  generator.  The 
gas  passes  up  through  li  to  the  gas 
fixtures.  When  the  pressure  in  a 
becomes  great  enough,  gas  blows 
down  through  r,  rises  through  the 
water  in  the  trap,  and  blows  to 
the  atmosphere  through  rf.     The  ?'°-" 

pipe  e  is  an  overflow  to  prevent  the  trap  from  filling 
with  water  and  thus  increase  the  resistance  to  a  blow-olT. 

Care  should  be  exercised  that  the  trap  always  contains 
sufficient  water.     The  outlet   pipe  ci  should   never  project 
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down  far  enough  to  enter  the  water,  since  water  will  then 
be  forced  up  into  d,  in  consequence  of  which  the  pressure 
may  run  up  high  enough  to  force  the  water  out  of  the  trap. 
The  pipe  e  should  have  a  tee  with  a  short  vertical  piece  of 
pipe  at  its  highest  point  outside  the  trap  in  order  to 
prevent  any  siphonic  action. 

48.  Number  of  Xit^hts. — Generators  should  never  be 
connected  with  a  greater  number  of  lights  than  they  :iie 
designed  to  carry,  and  they  should  preferably  be  operated 
on  a  smaller  number  of  lights  than  they  are  rated  for  by 
manufacturers,  in  order  to  insure  safety. 

49.  OverheatlDK  In  Generators. —  Overheating  is 
caused  by  overloading,  and  results  in  too  rapid  gen- 
eration; this  causes  a  breaking  up  of  the  acetylene 
into  other  hydrocarbons,  such  as  acithracene,  benzine, 
stybolene,  etc. 

50.  Bequlrements  of  a  Good  Genei-at^r. — The  follow. 

ing  are  the  points  on  which  judgment  was  passed  in  award- 
ing medals  to  the  acetylene  generators  at  the  Pan-American 
Exposition  at  Buffalo,  New  York,  in  1901  r 

1.  The  contact  of  the  carbide  should  be  with  the  water 
(in  other  words,  the  machine  should  be  of  the  drop  type). 

2.  The  carbide  should  be  fed  into  the  water  in  propor- 
tion to  the  consumption  of  gas. 

3.  The  gas  pressure  at  the  point  of  delivery  should 
remain  practically  constant,  irrespective  of  the  number  of 
jets  burning,  or  of  the  amount  of  carbide,  or  of  gas,  in  the 
generator. 

4.  The  pressure  should  be  equal  in  all  parts  of  the  machine 
and  should  not  exceed  that  exerted  by  a  C-inch  column-of 
water. 

5.  When  the  lights  arc  turned  out  the  generation  of  gas 
should  cease. 

6.  The  gas  should  be  delivered  to  the  burners  clean, 
cool,  and  dry. 

7.  The  heat  of  generation  must  not  exceed  200°  F. 
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8.  When  the  generator  is  recharged  there  should  be  no 
escape  of  gas. 

9.  IE  the  generator  is  left  idle  for  a  long  period  there 
should  be  no  deterioration  of  the  carbide. 

10.  The  gas  holder  attached  to  the  generator  should  be 
of  ample  capacity  and  made  tight  with  a  water  seal. 

11.  The  pressure  in  the  service  pipe  should  never  exceed 
that  of  a  3-inch  column  of  water,  and  a  provision  must  be 
made  to  blow  off  into  the  air  at  a  pressure  of  6  inches. 

12.  The  water  capacity  of  the  generator  must  be  at 
least  1  gallon  of  water  to  1  pound  of  carbide. 

13.  There  must  be  a  convenient  method  of  getting  rid 
of  the  slaked  carbide  without  escape  of  gas. 

14.  The  generator  must  be  entirely  automatic  in  its 
action.  That  is  to  say,  after  it  has  been  charged  it  will 
need  no  further  attention  until  the  carbide  is  entirely 
exhausted. 

15.  There  should  be  a  simple  method  of  determining  the 
amount  of  unconsumed  carbide  in  the  generatoc  at  any  time. 

16.  The  generators  should  be  so  simple  in  operation  that 
they  can  be  tended  by  unskilled  labor  without  danger  of 
accident. 

17.  The  various  operations  of  discharging  the  refuse, 
filling  with  fresh  water,  putting  in  carbide,  and  starting  the 
generator  should  be  so  arranged  that  it  is  impossible  to  do 
them  in  the  wrong  order. 

18.  The  generators  must  be  so  arranged  that  there  can 
be  no  possibility  of  mixing  air  with  acetylene  gas, 

19.  Generators  must  be  built  of  substantial  nwiterials 
well  adapted  to  their  purpose. 

20.  Generators  must  be  so  constructed  that  an  addition 
to  the  charge  of  carbide  can  be  made  at  any  time,  without 
affecting  the  light. 

Any  generator  that  is  built  according  to  the  preceding 
points  may  be  considered  excellent. 

51.  Materials  of  Construction. — Generators  should 
not  be  made  of  tin,  but  shoyld  be  of  g^ilvanized  sheet  iron, 
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not  less  than  No,  20  gauge,  but  No.  32  gauge  may  be  used  in 
bell  constructions,  where  stiffening  rings  are  provided. 

Seams  should  be  either  locked  or  riveted,  as  well  as 
soldered.  Seams  that  are  only  soldered  are  liable  to  open 
lip  if  a  fire  occurs  near  the  apparatus,  and  this,  in  the  case 
of  an  automatic-feed  generator  might  result  in  the  lowering 
of  the  bell  through  leakage,  and  a  consequent  large  pro- 
duction of  gas  at  a  time  when  it  would  produce  most  harm- 
ful results. 

All  braces,  pipe  hangers,  etc.  should  not  be  secured  by 
bolts  but  rather  by  rivets,  and  the  heads  of  these  should  be 
soldered  over  to  avoid  any  chance  of  a  leak.  All  pipe  con- 
nections should  be  of  standard  galvanized -iron  pipe.  Where 
pipes  run  through  the  sheet  metal,  either  a  flange,  with  a 
standard  pipe  thread  tapped  into  it,  should  be  riveted  or 
Boldered  on,  or  malleable  locknuts  should  be  soldered  on 
each  side  of  the  sheet  metal.  Pipes  should  run  through 
sheet  metal  at  right  angles  to  it. 

Right-and-left  couplings  properly  made  up  are  better 
than  flange  unions  or  packed  unions,  ground  unions,  or  long 
screws. 

Where  flanges  are  necessary,  the  best  pure  rubber  pack- 
ing, not  less  than  ^  inch  thick,  should  be  used. 

The  pipe  connections  should  be  as  simple  as  possible 
and  the  minimum  number  of  valves  and  fittings  should  be 
used. 

The  height  of  the  gas  holder  should  be  about  the  same  as 
its  diameter;  the  size  should  be  such  that  when  no  gas  is 
being  generated  and  the  machine  is  feeding  the  maximum 
number  of  lights  for  which  it  is  rated,  the  bell  will  descend 
at  the  rate  of  not  more  than  3  inches  per  minute.  The  bell 
should  be  guided  either  by  a  central  guide  post  or  by  side 
columns  on  the  same  principle  as  the  ordinary  large  gas 
holder.  Just  before  the  bell  can  reach  its  maximum  height 
an  automatic  blow-off  should  open  into  the  waste  pipe  that 
runs  to  the  outside  of  the  building.  In  this  way  all  danger 
of  the  gas  holder  getting  too  full  and  allowing  gas  to  blow 
out  into  the  room  will  be  avoided.     The  inlet  and  outlet 
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pipes  should  be  separate  and  placed  as  far  apart  as  possible. 
Variation  of  pressure  in  the  house  pipes,  due  to  the  too  rapid 
production  of  gas  in  the  generator,  will  thus  be  avoided,  and 
the  gas  will  have  a'  better  chance  to  cool  and  deposit  some 
of  its  moisture. 

The  space  in  a  machine  that  contains  air  when  starting  up 
should  be  made  as  small  as  possible. 

No  copper  should  be  used  in  any  part  of  the  construction 
of  an  acetylene  machine. 

In  the  presence  of  some  of  the  impurities  found  in 
acetylene,  a  substance  known  as  acetyllde  of  copper  is 
formed.  This  product  belongs  to  that  class  of  substances 
known  as  fulminates,  and  in  common  with  them  it  can  be 
exploded  by  a  sharp  blow,  or  by  friction. 

52.  Selecting:  a  Machine. — No  machine  should  be 
installed  that  is  not  approved  by  the  Fire  Underwriters. 
This  precaution  is  necessary  to  pi'event  the  cancelation  of 
fire-insurance  policies  on  the  property  in  which  the  machine 
is  installed.  The  National  Board  of  Fire  Underwriters 
issues  a  list  of  acetylene-gas  machines  approved  by  them,  a 
copy  of  which  may  be-  obtained  from  the  Board  on  applica- 
tion. The  address  of  the  Board  can  be  obtained  from  any 
reputable  fire-insurance  agent. 

53.  To  intelligently  select  a  good  acetylene-gas  machine, 
it  is  advisable  to  first  secure  the  Fire  Underwriters'  latest 
list  of  approved  machines,  and  then  to  send  for  the  manu- 
facturers' catalogues  of  these  machines.  The  construction 
and  operation  of  the  different  machines  should  then  be  care- 
fully studied  in  order  to  determine  which  most  nearly  meets 
the  previously  explained  requirements  of  a  good  machine. 

54.  Regulations  for  Operation   of  Machines. — The 

following  regulations  should  be  observed  in  the  operation  of 
acetylene  machines: 

1.  Calcium  carbide  should  be  kept  in  water-tight  metal 
cans  by  itself,  outside  of  any  insured  building,  under  lock 
and  key,  and  where  it  is  not  exposed  to  the  weather. 
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2.  A  regular  time  should  be  set  for  attending  to  and 
charging  the  apparatus  during  daylight  hours  only. 

3.  In  charging  the  generating  chambers  of  water-feed 
machines,  clean  all  residuum  carefully  from  the  containers 
and  remove  it  at  once  from  the  building.  Separate  from  the 
mass  any  unslaked  carbide  remaining,  and  return  it  to  the 
container,  adding  new  carbide  as  required.  Be  careful 
never  to  fill  the  container  over  the  specified  mark,  as  it  is 
important  to  allow  for  the  swelling  of  the  carbide  when  it 
comes  in  contact  with  water.  The  proper  action  and 
economy  of  the  machine  are  dependent  on  the  arrangement 
and  amount  of  carbide  placed  in  the  generator.  Carefully 
guard  against  the  escape  of  gas. 

4.  Whenever  charging  with  carbide,  always  replenish  the 
water  supply. 

5.  Never  deposit  residuum  or  exhausted  material  from 
water-feed  machines  in  sewer  pipes  or  near  inflammable 
material. 

6.  Water  tanks  and  water  seals  must  always  be  kept 
filled  with  clean  water, 

7.  Never  install  more  than  the  equivalent  of  the  number 
of  half-foot  burners  for  which  the  machine  is  rated, 

8.  Nei'er  test  the  generator  or  piping  for  leaks  with  a 
flame,  and  nei'er  apply  fiame  to  an  outlet  from  which  the 
burner  has  been  removed. 

9.  Never  use  a  lighted  match,  candle,  lantern,  or  any 
open  light  near  the  machine. 

10.  See  that  the  entire  installation  is  in  accordance  with 
the  rules  of  the  National  Board  of  Fire  Underwriters,  and 
obtain  a  written  guarantee  that  these  rules  are  complied 
with. 

Failure  to  comply  with  these  regulations  is  liable  to 
endanger  life  and  property. 

55.    Machines  Siilject  to  Frost. — Since  water  is  used 

in  acetylene  generators  and  gas  holders,  they  should  be 
installed  in  places  where  the  temperature  will  not  go  below 
the  freezing   point.     Where   this  is   impossible,  the  water 
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drawn  from  the  generator  with  the  residue  should  be 
allowed  to  stand  in  a  tank  or  barrel  until  the  lime  has 
settled  out  of  it.  The  clear  water  may  then  be  put  back  in 
the  machine  and  will  not  freeze  above  zerO.  Ten  per  cent, 
of  glycerine  added  to  the  water  in  a  gas  holder  will  prevent 
freezing  under  ordinary  conditions.  Stoves  or  fireplaces 
must  never  be  permitted  in  the  same  room  with  the  gen- 
erator. 

The  generator  room  may  be  safely  heated  by  hot  water 
or  steam  pipes. 

56.  Coat  of  Acetylene. — Calcium  carbide  varies  some- 
what in  cost,  being  generally  about  4  cents  per  pound 
delivered  in  small  quantities  on  the  consumers'  premises. 
Since  1  pound  of  calcium  carbide  will  produce  at  least 
4J  cubic  feet  of  acetylene,  the  cost  may  be  reckoned  at  a 
little  less  than  1  cent  per  cubic  £oot,  assuming  carbide  to  be 
4  cents  per  pound.  The  cost,  therefore,  for  each  ordinary 
half-foot  burner,  will  be  about  J  cent  per  hour  for  a  20-can- 
dlepower  flame.  Ordinary  city  gas  at  tl.50  per  thousand 
cubic  feet  costs  f  cent  for  each  open  flame  burning  5  cubic 
feet  per  hour.  City  gas  is  usually  about  20  candlepower,  so 
,  that  it  would  require  one  5-foot  burner  to  give  as  much 
light  as  a  J-foot  acetylene  burner.  When  used  with  Wels- 
bach  lights,  however,  city  gas  gives  about  20  candlepower 
per  cubic  foot,  so  that  a  light  burning  the  usual  quantity  of 
gas,  about  3J  cubic  feet  per  hour,  would  produce  about 
70  candlepower  at  a  cost  of  .525  cent  per  hour. 


ACBTTLENE  BURNERS 

67.  Plain  Burners. — Ordinary  gas  tips  or  burners  can- 
not be  used  for  acetylene  gas,  because  with  such  burners  an 
acetylene  flame  does  not  get  an  air  supply  sufficient  for 
perfect  combustion,  and  consequently  smoke  will  be  formed. 
Moreover,  the  tip  soon  becomes  so  hot  that  the  acetylene  is 
decomposed  by  the  extreme  heat,  before  it  is  burned, 
and  the  candlepower  of  the  flame  is  lowered,  while  the  tip 
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itself  soon  becomes  choked  with  soot  and  carbon,  which 
are  produced  by  the  charring  of  some  of  the  more 
condensible  hydrocarbons. 

58.  A  good  acetylene  burner  is  made 
in  the  form  of  a  Y.  The  small  jets,  one 
from  each  branch  of  the  Y.  impinge  on  one 
another  and  form  a  flat  flame,  as  shown 
in  Fig.  12.  The  two  jets  are  at  right 
angles.  Each  jet  is  a  miniature  Bunsen 
burner,  which  draws  air  along  with  the  gas, 
so  that  just  enough  air  is  supplied  to  give 
smokeless  combustion. 

The  flame  itself  docs  not  touch  the 
tips,  which  consequently  do  not  become 
overheated. 

59.     Fig.  13  {a)  shows  a  needle  burner  in  perspective; 
Fig.  13  (i)  shows  the  burner  in  section.     The  socket  a  screws 


on  the  ordinary  gas  fi.\ture.     Gas  flows  through  the  armsi,  i 
and  out  through  a  hole  drilled  in  the  center  of  each  of  the 
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tips  c,  c,  as  shown  by  the  arrows.  Air  flows  in  through  a 
number  of  radial  holes  in  the  tips,  as  shown  by  the  arrows, 
and  mixes  with  the  gas  before  it  ignites.  The  needle  valve  d 
serves  to  regulate  the  flow  of  gas,  and  can  be  removed  for 
cleaning  purposes.  The  size  of  the  flame  is  increased  by 
unscrewing  the  needle  valve.  Closing  the  valve  tight  not 
only  shuts  off  the  gas,  but  the  long  needle  point  also  removes 
any  carbon  that  may  have  gathered  over  the  mouth  of  the 
central  hole.     Hence,  this  burner  is  self-cleaning. 

60,  As  metal  tips  are  apt  to  warp,  even  at  the  low  tem- 
perature to  which  they  -are  subjected,  steatite  tips  are 
preferable, 

61.  It  is  bad  policy  to  turn  ordinary  acetylene  flames 
down,  as  the  jets  then  lose  their  fiunsen  effect  and  are  apt 
to  become  clogged  with  soot.  Burners  that  are  supplied 
with  a  small  needle  valve  regulating  each  jet  may  be  regu- 
lated to  burn  a  very  small  amount  of  acetylene  with  satis- 
factory results. 

63.  Incandescent  Burners. — The  use  of  acetylene  in 
lamps  of  the  Welsbach  type  has  been  frequently  attempted 
and  there  are  several  such  lamps  on  the  market. 

The  highest  practical  efficiency  obtained  by  the  use  of 
acetylene  burners  of  the  Welsbach  type  is  about  90  candle- 
power  to  the  cubic  foot ;  a  half-foot  burner  of  this  type  would, 
therefore,  give  45  candlepower,  which  is  a  little  more  than 
double  the  light  that  can  be  obtained  by  the  open  flame. 

It  has,  however,  been  found  that  the  intense  heat  is 
injurious  to  mantles,  and  if  the  use  of  Welsbach  lights  is  to 
be  made  successful  it  is  necessary  to  remove  every  trace  of 
phosphureted  hydrogen  from  the  acetylene.  Otherwise, 
phosphates  of  the  earth  of  which  mantles  are  composed  are 
soon  formed  on  the  surface  of  the  mantle,  and,  as  these 
phosphates  are  readily  fusible,  the  life  of  the  mantle  is  short. 

63.  Cooking  Burners — Acetylene  cannot  be  used  in 
gas  stoves  or  ranges  such  as  are  ordinarily  used  for  illumi- 
nating gas. 
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Insufficient  air  supply  from  the  ordinary  stove  Bunsen 
burner  leads  to  the  stoppage  of  the  burner  by  soot  and  car- 
bon, which  is  made  worse  by  the  heat  of  the  burner  decom- 
posing the  gas.  In  addition  to  this,  the  burner  becomes 
hot,  and,  in  consequence  of  its  low  ignition  temperature, 
the  mixture  of  acetylene  and  air  ignites  below  the  burner, 
or  in  other  words,  flashes  back. 

Suitable  burners,  however,  can  be  constructed.  These 
have  usually  a  long  draft  stack  below  the  burner,  so  that  a 
quantity  of  air  sufficient  for  proper  combustion  is  added 
and  properly  mixed  with  the  acetylene;  the  area  of  the 
burner  surface  is  arranged  in  such  a  proportion  to  the 
amount  of  gas  to  be  consumed  that  the  burner  does  not 
become  hot  enough  at  any  point  to  cause  flashing  back. 
Stoves  equipped  with  such  burners  are  on  the  market,  but 
their  operation  is  much  more  expensive  than  that  of  ranges 
using  ordinary  illuminating  gas.  This  is  due  to  the  fact 
that  while  acetylene  gives  ten  times  as  much  light,  volume 
for  volume,  than  ordinary  illuminating  gas,  the  number  of 
heat  units  developed  is  only  about  threefold.  Thus,  a  range 
burner  consuming  15  cubic  feet  of  illuminating  gas  per 
hour,  at  $1.50  per  1,000  cubic  feet,  costs  2J  cents  per 
hour,  while  an  acetylene  burner,  to  develop  the  .same 
amount  of  heat,  consumes  5  cubic  feet  per  hour,  which  with 
acetylene  at  1  cent  per  cubic  foot,  costs  5  cents.  Where 
acetylene  is  at  hand,  however,  the  convenience  of  gaseous 
fuel  will  in  many  cases  lead  to  the  use  of  acetylene  stoves. 


ACETYLENE  FOB  GAS-ENGINE  USE 

64.  Gas  engines  may  be  operated  by  acetylene  gas 
under  suitable  conditions,  but,  since  the  economy  of  a 
gas  engine  depends  very  largely  on  the  degree  of  compres- 
sion to  which  the  mixture  of  gas  and  air  in  the  cylinder  is 
subjected  before  it  is  exploded,  the  economy  of  the  acet- 
ylene-gas engine  must  be  less  than  that  of  the  ordinary 
gas  engine. 
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The  compression  of  the  charge  in  the  engine  generates 
heat,  and,  consequently,  the  compression  in  the  cylinder  of 
an  acetylene-gas  engine  must  be  so  low  that  the  tempera- 
ture of  ignition  will  not  be  reached  before  the  proper  time 
for  an  explosion  occurs.  For  the  same  reason  the  cylinder 
of  the  engine  would  have  to  be  water-cooled  sufficiently  to 
keep  the  temperature  always  below  the  igniting  point. 

Supposing,  however,  the  same  efficiency  in  relation  to  the 
comparative  heating  values  of  acetylene  and  illuminating 
gas  could  be  obtained,  the  operation  of  the  engine  would 
still  be  more  than  twice  as  costly  as  with  illuminating  gas 
for  the  same  reason  that  makes  the  use  of  acetylene  stoves 
more  expensive;  30  cubic  feet  of  ordinary  illuminating  gas 
will  develop  1  horsepower  in  a  gas  engine,  and  at  tl.50  per 
thousand  cubic  feet  this  costs  3  cents.  An  acetylene 
engine  to  develop  1  horsepower,  according  to  the  relative 
number  of  heat  units,  would  use  about  ?  cubic  feet  of  gas, 
and  with  acetylene  at  1  cent  per  cubic  foot,  this  would  cost 
1  cents.  On  account  of  the  low  igniting  temperature,  it 
would  be  difficult  to  use  a  hot  tube  igniter  on  an  acetylene- 
gas  engine,  but  an  electric  igniter  could  be  used. 


PIPING  FOR  ACETTI.BNX  GAS 

65.  Size  of  Pipes. — The  pipes  used  for  distributing 
acetylene  gas  need  not  be  as  large  as  those  used  for  ordi- 
nary illuminating  gas,  because  of  the  much  smaller  volume 
of  acetylene  required  to  produce  the  same  amount  of  light. 
It  is  not  good  practice,  however,  to  use  pipes  smaller  than 
J  inch  nominal  diameter.  The  difference  between  the  cost 
of  this  and  ^-inch  pipe  is  slight,  and  {-inch  pipe  is  easily 
stopped  by  any  scale  or  rust  that  may  be  in  the  pipes. 
When  acetylene  gas  is  piped  into  a  house  from  the  street, 
the  service  should  never  be  less  than  J  inch,  as  J-inch  pipes 
are  very  easily  distorted ;  the  same  care  should  be  used,  with 
regard  to  the  drainage  of  the  piping  system,  that  is  observed 
in  laying  an  ordinary  piping  system  for  illuminating  gas. 
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Where  acetylene  is  distributed  through  mains  in  the 
streets,  the  diameter  of  the  mains  may  be  reduced  to  one- 
half  that  of  the  mains  for  ordinary  illuminating  gas,  but  no 
street  main  should  be  less  than  1-inch  pipe. 

Drips  must  be  insLatled  at  the  low  points  on  the  mains, 
just  as  in  ordinary  gas  practice.  The  best  wrought-iron 
pipe  should  be  used,  and  screwed  joints  should  be  made  in 
all  cases.  The  mains  should  be  very  carefully  tested  under 
pressure,  for  leaks,  before  being  covered, 

66.  Acetylene  lieako^e.  —  Leakage  in  an  acetylene 
system  is  even  more  serious  than  in  the  case  of  illuminating 
gas.  If  an  ordinary  ilhiminating-gas  company  sending  out 
1,000,000  cubic  feet  per  month  has  a  leakage  of  50,000  cubic 
feet  in  the  same  period,  the  leakage  would  be  only  5  per 
cent,,  but  an  acetylene  gas  company  supplying  the  same 
amount  of  light  would  send  out  only  one-tenth  as  much 
gas,  or  100,000  cubic  feet,  and  if  the  leakage  remained  the 
same,  that  is,  50,000  cubic  feet,  it  would  be  50  per  cent, 

67.  Acetylene  Meters, — Ordinary  dry  meters  may  be 
used  for  metering  acetylene  and  should  be  rated  at  15  times 
their  normal  capacity.  Thus  a  three-light  meter  will  sup- 
ply 45  lights. 


ACETYLENE  GASWORKS 

68.  In  installing  an  acetylene  gasworks  it  is  best  to  put  in 
a  gas  holder  and  a  generator  of  such  size  that  it  will  never  be 
necessary  to  generate  acetylene  at  night.  A  station  meter, 
which  may  be  of  the  ordinary  dry  type,  should  always  be 
installed,  as  otherwise  a  careful  record  of  the  operation  of 
the  plant  cannot  be  maintained.  Automatic  carbide-feed 
generators  are  sometimes  used  for  such  plants,  but,  as  an 
attendant  should  always  be  at  hand,  the  simpler  hand-feed 
generators  are  more  frequently  used. 

In  this  case  the  production  of  gas  is  somewhat  intermit- 
tent, and  it  is  best  to  install  a  small  relief  holder  to  take  up 
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the  fluctuation  so  that  the  gas  passes  through  the  meter  at 
a  regular  rate  of  speed.  The  plant  should  be  heated  in 
winter  by  steam  or  hot-water  coils,  and  the  heater  should 
be  placed  tn  a  separate  building'  away  from  the  generator 
bouse. 


ACBTTI.KNB  LAMPS 

G9.  Acetylene  Street  Lamps. — Acetylene  is  very  suit- 
able for  street  lighting,  as  the  fiame  is  not  easily  blown  out, 
but  suitable  globes  and  wind  guards  should  be  placed  on  all 
lamp  posts. 

On  account  of  the  compact  generating  apparatus  that 
may  be  used,  and  the  fact  that  a  stock  of  carbide  sufficient 
to  produce  a  large  amount  of  acetylene  can  be  readily  car- 
ried, acetylene  is  very  suitable  for  the  lighting  of  cars, 
boats,  etc.  Car  lighting  is  also  accomplished  by  means  of 
acetylene  carried  under  pressure  in  tanks  in  the  same  man- 
ner as  Pintsch  gas,  but  the  dangers  resultant  from  the  use 
erf  acetylene  in  this  way  have  prevented  its  general  applica- 
tion. When  such  tanks  are  carried  they  should  always  be 
provided  with  fusible  plugs,  so  that  in  case  of  fire  the  plugs 
will  melt  and  the  acetylene  escape  and  burn,  instead  of 
exploding  from  overheating. 

70.  Acetylene  Portable  Ijamps. — On  account  of  the 

difficulty  of  proper  regulation  of  the  production  of  acetylene 
and  consequent  regulation  of  the  pressure,  portable  lamps 
have  not  come  into  general  use. 

71.  Fire  TJnderMrrlters'  Requirements  for  Portable 
I4i.mp6. — The  Fire  Underwriters  require  that  a  portable 
acetylene  lamp  must  be  made  in  compliance  with  the  follow- 
ing rules: 

1.  Lamps  must  be  substantially  made  of  metal,  and  the 
construction  must  embody  no  copper,  either  pure  or  alloyed, 
in  contact  with  acetylene. 
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3.  Lamps  must  be,  in  all  parts  subject  to  corrosion, 
thoroughly  protected  by  an  effective  and  durable  preventive 
of  rust. 

3.  Lamps  must  be  designed  with  a  view  to  stability,  the 
assembly  being  such  that  when  completely  charged  and 
ready  for  operation,  inclination  at  an  angle  of  30  degrees 
with  the  vertical  will  not  result  in  upsetting. 

i.  Lamps  must  be  fitt'ed  with  not  more  than  one  single 
or  multiple  burner,  and  the  total  rated  gas  consumption 
shall  not  be  more  than  J  cubic  foot  per  hour. 

5.  Lamps  must  be  automatically  regulated  and  uniform 
in  their  action,  producing  gas  only  as  immediate  consumption 
demands,  and  be  so  designed  that  gas  is  generated  without 
producing  sufficient  heat  to  cause  yellow  discoloration  of  the 
residuum  (which  will  occur  at  about  500°  F.)  or  abnormal 
pressure  at  any  stage  of  the  process,  when  using  carbide  of 
any  degree  of  fineness. 

6.  Lamps  must  have  no  mechanical  or  spring  relief 
valves,  and  must  be  designed  so  as  to  prevent  automatically 
the  accumulation  of  excessive  pressure  when  placed  in  any 
position  or  overturned. 

7.  No  valves  or  petcocks  opening  into  the  room  from 
gas-holding  parts,  the  draining  of  which  would  allow  an 
escape  of  gas,  are  permissible,  and  condensation  from  all 
parts  of  the  apparatus  must  be  automatically  disposed  of 
without  the  use  of  valves  or  mechanical  working  parts. 

8.  Gauge  glasses,  the  breakage  of  which  would  allow 
escape  of  gas,  must  not  be  used. 

9.  The  use  of  mercury  seals  is  prohibited.  Mercury  has 
been  found  unreliable  as  a  seal  in  acetylene  apparatus. 

10.  Combustible  oils  must  not  be  used  in  connection  with 
the  apparatus. 

11.  Water  seals,  the  breakage  of  which  would  allow 
escape  of  gas  into  the  room,  are  prohibited. 

13.  Every  lamp  must  be  provided  with  a  permanent 
marking,  stating  plainly  the  amount  of  carbide  necessary  for 
a  single  full  charge,  and  the  manufacturer's  name  and  name 
of  the  lamp. 
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13.  Tbe  generating  chambers  must  be  so  designed  that 
generation  will  take  place  under  conditions  similar  to  those 
that  obtain  in  the  best  generator  practice. 

14.  Generators  must  afford  ample  room  for  the  residuum 
without  containing  unnecessary  air  spaces. 

15.  Generators  must  be  so  designed  that  the  residuum 
will  not  clog  or  affect  the  working  of  the  device,  and  be  so 
arranged  that  the  residuum  can  conveniently  be  handled  and 
removed. 

16.  The  carbide  receptacles  must  have  sufficient  carbide 
capacity  to  supply  continuously  the  burner  for  which  the 
lamp  is  rated  during  a  lighting  period  of  not  less  than 
6  hours. 

In  determining  charges,  the  yield  of  gas  from  the  various 
grades  of  carbide  shall  be  estimated  as  follows: 

From  the  3J"  to  the  2"  grade,  4^  cubic  feet  per  pound. 

From  the  2"  to  the  J"  grade,  4J  cubic  feet  per  pound. 

From  the  J"  to  the  J"  grade,  4^  cubic  feet  per  pound. 

From  the  j"  to  the  ^"  grade,  4  cubic  feet  per  pound. 

From  the  Electrolite  grade,  4  cubic  feet  per  pound. 

These  figures  are  specified  in  order  that  a  reasonable 
allowance  may  be  insured  for  depreciation  after  the  initial 
opening  of  the  package.  The  gas  consumption  of  burners 
shall  be  estimated  at  50  per  cent,  in  encess  of  the  rating. 

17.  Carbide  receptacles  must  be  arranged  so  that  the 
carbide  holders,  or  charges,  may  be  easily  and  entirely 
removed  in  case  of  necessity. 

18.  Carbide  receptacles  may  in  no  case  have  capacity  for 
more  than  2  pounds  of  carbide. 

19.  The  water  supply  must  be  similar  in  quantity  to  the 
allowance  made  in  the  best  generator  practice. 

30.  The  working  pressure  at  the  burner  must  not  vary 
more  than  \^  (1)  inch  water  column  under  all  conditions  of 
carbide  charge  and  feed, 

31.  Lamps  requiring  pressure  regulators  or  reducers 
must  be  so  constructed  as  to  withstand  without  injury  a 
pressure  equivalent  to  four  times  the  maximum  pressure 
obtainable  in  normal  operation. 
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82.  Pressure  regulators  must  conform  to  the  rules  for 
the  construction  of  other  acetylene  apparatus  so  far  as  they 
apply  and  must  not  be  subject  to  sticking  or  clogging. 

23.  Pressure  regulators  must  be  capable  of  maintaining 
a  uniform  pressure,  not  varying  more  than  ^  inch  water 
column,  at  any  load  within  their  rating. 

34.  Where  installed,  purifiers  must  conform  to  the  general 
rules  for  the  construction  of  other  acetylene  apparatus  and 
allow  the  free  passage  of  gas. 

25.  The  means  of  control  must  be  such  as  to  obviate 
accumulation  of  pressure  within  the  lamp  or  appreciable  dis- 
charge of  gas  after  extinction  of  the  light. 

26.  The  means  of  control  must  be  so  arranged  as  to 
necessitate  a  tight  closure  of  the  carbide  filling  opening 
before  the  feed  can  be  put  into  operation. 


GASOMNB  GAS 

PROPBRTIB9 

7S.  Gasoline  gas,  or  carbureted  air,  also  called  air 
gas,  is  a  mixture  of  gasoline  vapor  with  air.  The  pure 
vapor  is  so  rich  in  carbon  that,  in  order  to  burn  it  success- 
fully for  lighting  purposes,  it  must  be  given  a  high  pres- 
sure ;  and  special  burners  must  be  employed,  as  for  acetylene. 
In  order  to  burn  it  in  the  same  burner^  used  for  illuminating 
gas  and  at  the  same  pressure,  it  must  be  diluted  with  air 
until  the  proportion  of  carbon  equals  that  in  ordinary  coal 
gas. 

The  air  furnishes  a  part  of  the  oxygen  required  for 
combustion,  but  it  also  introduces  a  large  proportion  of 
nitrogen,  which  is  inert  and  useless  material,  being  incom- 
bustible; the  nitrogen  reduces  the  temperature  of  the  flame 
and  thus  diminishes  its  brilliancy. 

Gasoline  is  produced  by  distilling  crude  petroleum.  Its 
specific   gravity  averages   about   .75   that  of  water.     It  is 
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really  a  mixture  of  a  large  number  of  hydrocarbon  com- 
pounds that  differ  slightly  in  their  cliemical  proportions. 
All  of  them,  however,  will  change  from  the  liquid  to  the 
gaseous  form,  under  ordinary  atmospheric  pressure,  at  a 
temperature  ranging  from  70°  to  100°.  If  a  tank  contain- 
ing liquid  gasoline  is  opened  to  the  air,  the  liquid  will  all 
pass  away  in  the  form  of  gas.  The  rapidity  of  the  evapora- 
tion will  depend  on  the  temperature,  being  very  slow  at  40°, 
quite  rapid  at  70°  and  furious  at  312°;  and,  if  the  liquid 
catches  fire  in  any  way,  it  will  pass  into  gas  with  explosive 
violence.  The  burning  liquid  expands  enormously  and  is 
very  difficult  to  extinguish.  Gasoline  must  be  regarded  as 
gas  in  a  liquid  form,  and  it  should  be  clearly  understood 
that  it  will  resume  the  gaseous  form  whenever  the  oppor- 
tunity is  afforded.  The  effect  of  leaving  a  can  of  gasoline 
uncorked  is  exactly  the  same  as  that  of  leaving  a  gas  cock 
open ;  in  both  cases  the  gas  will  diffuse  through  the  atmos- 
phere and  form  explosive  mixtures. 

It  is  generally  regarded  as  a  dangerous  material  to  use  or 
handle,  but  the  danger  arises  from  the  recklessness  or 
neglect  of  the  persons  using  it.  If  the  same  care  is  taken 
to  keep  it  shut  up  as  is  taken  to  keep  coal  gas  confined,  it  is 
no  more  dangerous  than  the  latter.  A  tank  of  gasoline 
should  be  treated  as  a  reservoir  of  gas. 

73.  There  are  different  grades  of  gasoline  in  the  market, 
which  differ  in  their,  specific  gravities.  A  gasoline  called 
crude  naphtba  has  a  specific  gravity  of  .6,  and  is  used  for 
making  illuminating  gas.  For  cooking  stoves,  for  plumbers' 
torches,  and  for  firepots,  gasoline  having  a  specific  gravity 
from  .7  to  .74,  is  adapted.  For  use  in  gas  engines,  as  in  auto- 
mobiles, a  gasoline  having  a  specific  gravity  of  ,74  is  used. 
For  gas  machines  the  specific  gravity  should  be  .86  for  the 
summer  and  .88  for  the  winter.  The  highest  grade  is 
sometimes  called  Tvlnter  sasollne ;  its  specific  gravity  is 
about  .9.  This  grade  will  evaporate  at  ordinary  temper- 
atures and  leave  nothing  behind.  The  poorer  grades  con- 
tain more  or  less. oil  that  will  not  evaporate  without  the  aid 
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of  heat;  this  oil  collects  in  the  gas-generating  apparatus, 
and  must  be  removed  from  time  to  time.  It  is  usually 
thrown  away,  but  it  is  very  similar  to  low-grade  kerosene, 
and  will  burn  in  the  same  manner  in  gasoline  stoves. 

It  has  become  the  custom  in  the  trade  to  designate  the 
specific  gravity  of  gasoline  in  per  cent.,  water  being  con- 
sidered as  100.  Thus,  when  an  86-per-cent.  gasoline  is 
mentioned,  a  gasoline  having  a  specific  gravity  of  .86  is 


74.  The  quantity  of  gasoline  that  is  required  to  pro- 
duce 1,000  cubic  feet  of  gas,  and  that  will  give  a  light  of  14 
to  16  candles  (when  burning  at  the  rate  of  6  cubic  feet  per 
hour),  is  about  4^  gallons  of  the  best  grade  but  more  is 
required  if  the  gasoline  is  of  a  lower  grade. 


GASOUNB-GAS  HACHINBS 

75.  Generator. — The  apparatus  used  for  making  illu- 
minating gas  from  gasoline  consists  of  three  parts:  a  gen- 
erator for  holding  the  gasoline,  an  air  pump  for  forcing  air 
through  the  generator,  and  a  mixing  device  for  mingling  the 
air  and  vapor  in  proper  proportions. 

The  vapor  is  made  by  simple  evaporation,  without  the  aid 
of  heat.  The  liquid  is  spread  out  in  large  shallow  pans,  and 
the  air  is  compelled  to  pass  successively  over  its  surface  in 
all  the  pans.  The  construction  of  the  evaporator,  or 
generator,  is  shown  in  Fig.  14.  Three  pans  a,  b,  and  c, 
and  sometimes  more,  are  employed,  and  all  are  enclosed  in  a 
gas-tight  casing  having  an  opening  /  in  the  side  for  the 
inlet  of  air  and  another  opening  at  if  for  the  outlet  of  gas. 
Rome  parts  of  the  gasoline  evaporate  slowly,  and  it  is 
necessary  to  have  large  evaporating  surfaces,  so  that  a 
proper  amount  of  vapor  will  be  given  off  when  the  lighter 
parts  of  the  liquid  have  been  evaporated  and  only  the 
heavier  parts  remain.  In  order  to  increase  the  evaporating 
surface,  the    pans  are    partly  filled   with  cotton  or  similar 
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porous  materials  which  absorb  the  gasoline,  and  the  air  is 
forced  to  pass  partly  through  the  mass  of  absorbent  mate- 
rial, A  common  practice  is  to  arrange  some  capillary 
material  woven  in-  — 

to  a  coarse  fabric  in 
the  zigzag  manner 
shown,  so  that  the 
air  will  be  compelled 
to  flow  through  the 
meshes  of  this  net- 
ting, and  thereby 
absorb  the  gasoline 
that  is  drawn  up  by 
capillary  attraction. 

The  generator  is 
charged  by  pouring 
the  gasoline  down 
through  the  pipe  e 
into  the  upper  pan  c. 
The  pipe  /through 
which  e  is  slipped 
forms  an  outlet 
tube  for  air  while 
the  generator  is  be- 
ing filled  with  gas- 
oline. W^ien  this 
pan  becomes  full, 
the  liquid  overflows 

into   the   next    pan  •'"'■  " 

below,  and  thus  they  are  all  filled  successively.  Should 
the  bottom  pan  become  too  full,  the  excess  may  be  pumped 
out  by  attaching  a  pump  to  the  top  of  the  tube  g. 

When  the  lighter  parts  of  the  gasoline  have  been  evapo- 
rated from  any  one  pan,  the  remainder  is  usually  dropped 
into  the  next  pan  below  by  opening  one  of  the  cocks  h. 
The  waste  liquid  collects  in  the  bottom  pan  and  may  be 
removed  from  time  to  time  by  pumping  through  the 
tube  g. 
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The  generator  is  buried  in  the  earth  outside  of  all  build- 
ings, for  fear  of  possible  explosions.  It  must  be  buried  deep 
enough  to  avoid  all  risk  of  freezing,  because  at  tempera- 
tures below  32°  the  liquid  evaporates  too  slowly  to  answer 
the  purpose.  The  handles  of  the  valves  and  all  the  pipes 
needed  for  testing  and  filling  are  extended  upwards  to  the 
surface  of  the  ground,  and  are  protected  from  the  weather 
by  a  suitable  water-tight  box  and  cover.  It  was  formerly 
customary  to  place  the  generator  in  an  underground  vault. 
The  advantage  of  this  arrangement  was  that  the  generator 
was  fully  accessible;  but  the  construction  of  the  vault 
increased  the  total  cost  of  the  apparatus  so  much  that  the 
plan  has  been  nearly  abandoned.  The  buried  generators 
need  to  be  strongly  built  to  stand  the  pressure  of  the  earth 
around  and  above  them. 

76,  Alp  Pnmp. — The  air  pnmp  may  be  of  any  suitable 
design;  the  kind  commonly  used  is  shown  in  Fig.  16,  It 
closely  resembles  the  wet  gas  meter  in  construction  and 
principle,  except  that  the  drum  is  rotated  by  power  so  as 
to  act  as  a  force  pump  instead  of  as  a  meter.  The  drum  is 
turned  by  means  of  a  heavy  weight  k  and  a  cord  that  is 
wound  around  the  pulley  /.  It  turns  very  slowly,  even 
when  working  at  full  speed.  The  weight  is  required  to  be 
wound  up  at  intervals  of  three  to  four  days  or  more,  accord- 
ing to  the  demand  for  gas. 

The  pump  should  take  air  from  some  place  that  is  never 
at  a  freezing  temperature,  because  cold  air  will  check  evapo- 
ration in  the  generator. 

The  body  of  the  machine  is  filled  with  water  up  to  a  cer- 
tain mark,  which  is  usually  visible  through  a  mica  bull's 
eye.  The  water  evaporates  slowly,  and  must  be  replenished 
from  time  to  time.  The  air  is  driven  through  the  pipe  m 
to  the  generator  a,  and  returns  mixed  with  vapor  through 
the  pipe/. 

When  the  gasoline  is  cold,  or  is  nearly  spent,  it  is  neces- 
sary to  change  the  proportions  of  the  air  and  vapor  in 
order  to  maintain  the  illuminating  power  of  the  gas  at  the 
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standard  desired.  Otherwise,  the  gas  will  be  too  rich,  that  is, 
it  will  contain  too  much  carbon;  consequently,  it  will  smoke 
in  summer  time,  and  will  burn  pale  and  blue  in  very  cold 
weather.  This  difficulty  is  sometimes  met  by  using  adjust- 
able burners,  i^ut  the  drawback  to  that  arrangement  is  that 
all  the  burners  must  be  adjusted  at  intervals  to  suit  the 
varying  quality  of  the  gas. 

If  a  mixing  device  is  used,  then  all  the  necessary  adjust- 
ments can  be  made  at  one  point,  and  ordinary  Batswing 
burners  may  be  used  without  any  trouble, 

77.  Mixing  Device. — The  mixing  device  consists  of  a 
by-pass  pipe  «,  Fig.  16,  connecting  the  air  pipe  m  with  the 
gas  pipe/.  It  is  provided  with  a  cock  r,  having  an  index 
and  pointer,  by  which  it  can 
be  adjusted  to  any  desired 
amount  of  opening.  The 
mixing  device  is  not  auto- 
matic, but  must  be  adjusted 
by  hand. 

When  the  apparatus  runs 
very  slowly,  or  stands  still 
for  a  while,  the  gasoline  va- 
f)or,  with  a  direct  connec- 
tion, will  diffuse  throughout 
the  pipes  m  and  n  and  back 
into  the  pump.  The  mixer 
is  then  useless.  This  trou- 
ble may  be  prevented  by 
means  of  the  regulator 
shown  in  Fig.  10,  which  is 
an  enlarged  sectional  draw- 
ing of  the  regulator  d  in 
Fig.  15. 
The  gas  coming  from  the 
P'G-  IB  generator  is  introduced  at  c, 

and  the  air  from  the  by-p;iss  pipe  is  brought  in  at  if.  Both 
openings  are  controlled   by  a  slide  valve  /.      The  gas   is 
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discharged  into  the  distributing  pipe  at  g.  When  gas  is 
passing  through  the  machine,  the  drum  a  alternately  fills 
and  empties,  rising  and  failing  in  the  water  tank  b. 

When  it  rises,  it  fills  with  gas  from  c  and  fresh  air  from  d, 
according  to  the  adjustment  of  the  by-pass  cock.  When  it 
reaches  the  top  of  its  stroke,  it  moves  the  lever  e  and  closes 
the  valve/.  The  mixture  within  the  drum  is  thus  cut  off 
from  all  communication  -with  the  generator  or  the  pump; 
consequently,  its  proportions  cannot  be  changed  by  standing 
for  any  length  of  time.  When  the  drum  sinks  to  the  bottom 
of  its  stroke  and  is  nearly  empty,  it  moves  the  lever  c  in  the 
opposite  direction,  and  opens  the  valve y,  thus  admitting  a 
new  charge.  The  water  in  the  tank  gradually  evaporates 
when  the  machine  is  in  use,  and  it  is  necessary  to  replenish 
it  occasionally. 

78.  Effecf  of  Poor  Gasoline. — When  a  poor  grade  of 
gasoline  is  used  in  making  the  gas,  the  generator  gradually 
becomes  clogged  with  an  oil  that  will  not  evaporate  freely 
and  that  for  the  purpose  of  gas  making  is  spent  and  useless. 
This  is  generally  pumped  out  and  thrown  away.  It  should 
not  be  thrown  into  a  drain  or  a  sewer,  because  it  will  fill  them 
with  explosive  gas.  It  should  not  be  thrown  into  a  stream 
of  water,  because  of  the  danger  from  fire  to  everything 
adjoining  the  water,  and  because  of  the  stench  to  which  it 
will  give  rise.  The  whole  trouble  may  be  avoided  by  using 
a  better  grade  of  gasoline. 

79.  Precautions  Agralnst  Frost, — All  the  pipes  in  the 

gas  apparatus,  and  the  house  pipes  as  well,  must  be  kept  out 
of  reach  of  frost,  and  if  they  are  exposed  they  must  be  well 
protected.  The  pipes  must  be  graded  and  draiued,  and  pro- 
vided with  drip  cups  in  the  same  manner  as  with  coal  gas, 
etc.  A  low  pressure  is  generally  used  throughout  the  sys- 
tem of  distributing  pipes,  and,  therefore,  the  pipes  are 
usually  made  a  little  larger  than  for  coal  (^as. 

80.  Gas  Uaehiiies  for  Mannnu-tiirlntr  Purpose's. 
The  apparatus   used    for   making    gas   from   gasoline   for 
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manufacturing  purposes  is  very  simple.  The  air  is  supplied 
by  a  common  steam  pump  at  a  pressure  of  3  or  4  pounds 
per  square  inch.  The  gasoline  is  contained  in  strong  ver- 
tical cylinders,  which  are  loosely  filled  with  cotton  or  other 
absorbent  fibres,  and  the  air  is  forced  through  the  mass. 
The  temperature  of  the  air  is  raised  a  few  degrees  by  the 
process  of  compression,  and  the  warmth  aids  the  evaporation 
of  the  gasoline.  The  quality  of  the  gas  is  maintained  at  any 
desired  standard,  by  pumping  fresh  gasoline  into  the 
generator  whenever  it  is  required.  In  some  forms  of  appa- 
ratus, the  evaporation  of  the  gasoline  is  aided  by  the  appli- 
cation of  a  moderate  steam  heat. 

When  gas  is  formed  by  the  aid  of  heat,  care  must  be  taken 
to  prevent  it  from  cooling  to  any  considerable  extent, 
because  a  part  of  it  will  then  condense  into  liquid  form 
again. 


NATFKAX  GAS 

81.  Natural  gss  is  obtained  from  holes  or  weUs  that 
are  drilled  in  the  earth.  It  is  found  in  large  quantities  in 
the  vicinity  of  deposits  of  petroleum;  and  deposits  of  coal, 
both  bituminous  and  anthracite,  are  always  accompanied  by 
greater  or  less  quantities  of  gas  of  a  very  similar  nature. 

It  is  composed  mainly  of  a  compound  of  carbon  and 
hydrogen,  and  is  called  I l^cht  carbureted  hydrogen.  This 
often  amounts  to  90  per  cent,  or  more  of  the  total  volume. 
Consequently,  it  will  develop  more  heat  per  cubic  foot  in 
burning  than  any  other  kind  of  gas  except  acetylene. 

Natural  gas  is  produced  at  the  wells  under  great  pressure, 
and  in  common  practice  the  pressure  in  the  street  mains  and 
distributing  pipes  is  allowed  to  be  very  much  higher  than  is 
usual  with  manufactured  gas. 
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GAS  PIPES  AND  FITTINGS 


CAST-IRON  OAS  PIPE 

1.  I>efliiItlon8. — ^The  pipes  used  for  the  distribution  of 
gas  are  made  of  different  materials,  such  as  cast  and  wrought 
iron,  brass,  lead,  block  tin,  and  composition  {which  is  an 
alloy  of  lead,  tin,  and  antimony);  they  are  also  made  of 
rubber. 

The  main  gas-supply  pipes  that  are  laid  in  the  streets  are 
called  malas. 

Branches  that  conduct  gas  from  the  mains  to  the  house 
are  called  eervlc©  pipes  or  services. 

Pipes  that  convey  the  gas  from  the  meter  to  the  various 
parts  of  the  building  are  called  cllstrfbutlng  pipes. 

Vertical  pipes  are  called  risers  or  drop  pipes,  according 
to  the  direction  of  the  flow  of  gas  within  them.  The  flow  is 
upwards  in  a  riser,  and  downwards  in  a  drop  pipe. 

3,  Properties  and  Sizes. — Cast  iron  is  usually  employed 
for  large  pipes  that  are  to  be  buried  in  the  ground,  such  as 
street  mains  and  service  pipes.  The  pipes  made  of  this 
material  are  liable  to  be  of  uneven  density  and  texture, 
being  close  grained  and  hard  in  some  parts,  and  coai-sc 
grained  and  spongy  in  others.  They  are  liable,  also,  to  be 
§13 

For  Doliceof  cnpyriKht.  sec  pagv  immediately  following  the  title  page. 
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perforated  by  blowholes  and  bubbles,  which  vary  in  size  from 
minute  pinholes  to  hollow  spaces  as  large  as  the  hand,  hav- 
ing only  a  thin  crust  of  metal  on  the  inside  and  outside  of 
the  pipe.'  To  detect  these  defects,  all  cast-iron  pipe  should 
be  thoroughly  inspected  at  the  foundry  where  made.  The 
presence  of  unsound  iron  or  spongy  places,  or  bubbles  of  any 
considerable  size,  will  be  revealed  by  the  difference  in  the 
sound  when  tapped  with  a  light  hammer.  Each  pipe  should 
also  be  subjected  to  a  test  by  hydraulic  pressure,  to  prove 
its  tightness  and  strength. 

3.  If  the  grain  of  the  iron  be  coarse  and  soft,  the  gas  will 
gradually  exude  through  the  metal  and  leak  away,  although 
the  pipe  may  be  strong  and  solid.  While  this  defect  can  be 
remedied  in  water  pipe  by  coating  the  pipe  thoroughly  both 
inside  and  outside  with  asphaltum  or  a  mixture  of  asphaltum 
and  tar,  such  a  coating  is  useless  for  gas  pipe,  as  the  gas  will 
dissolve  the  tar  or  asphaltum  and  then  leak  out.  Such  a 
coating  on  gas  pipe  is  of  value  only  in  preventing  rust;  in 
the  case  of  cast-iron  pipe,  such  a  precaution  is  unnecessary 
in  ordinary  soils. 

Where  coated  pipe  is  used,  the  proper  method  of  applying 
the  coating  is  to  dip  the  previously  tested  pipe  while  hot  in  a 
bath  of  melted  asphalt  or  tar.  If  the  metal  is  not  properly 
heated,  the  coating  will  not  adhere  with  sufficient  firmness 
and  will  fail  to  penetrate  and  seal  the  small  ilefects  in  the 
pipe.  The  standard  cast-iron  gas  pipes  on  the  market  are 
usually  uncoated. 

When  dialed  pipe  is  used  for  gas  mains,  both  the  bell  and 
s])igi>t  ends  should  be  heated  in  a  fire  until  all  the  tar  or 
asphaltum  has  been  burned  off;  for,  if  the  joint  is  made  up 
with  the  coating  on,  the  gas  will  dissolve  the  thin  film  left 
between  the  pipe  and  the  lead  or  cement  used  to  make  the 
joint;  and  a  leak  will  occur. 

4,  The  staiulard  si/.t-s  and  wi-i^his  <if  cast-iron  gas  pipe 
are  t,'iveii  in  Table  I,  taken  fn>iu  Kent's  Meclianical  Engi- 
neers'   Pockelbook.     The   standard    length   of   all   sizes   is 
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12  feet,  excepting  3-inch  pipe,  which  is  8  feet  long.  The 
size  of  cast-iron  gas  pipe  is  designated  by  the  actual  internal 
diameter. 

TABLE   1 

STANDARD   CAST-IRON  GA9  PIPE 


Size  in 
Inches 

Weight 
Per  Foot 

Pounds 

Weight 
Per  Length 

Pounds 

Thickness 

Inches 

a 

6 

48 

i 

3 

I2i 

ISO 

A 

4 

17 

304 

1 

6 

30 

360 

A 

8 

40 

480 

A 

to 

SO 

600 

A 

13 

70 

840 

J 

>4 

84 

1. 000 

A 

i6 

100 

I 

200 

A 

i8 

134 

1 

600 

H 

ao 

.      »50 

I 

800 

H 

34 

184 

3 

zoo 

i 

30 

250 

3 

000 

i 

36 

350 

4 

200 

i 

43 

417 

s 

000 

H 

48 

542 

6 

Soo 

■1 

60 

900 

10 

800 

■» 

^^ 

1.250 

IS 

000 

H 

0.  Trenclies  and  Drip  Pot. — Gas  mains  and  service 
pipes  are  generally  placed  in  trenches  dug  to  receive  tiiem. 
In  order  to  afford  room  for  working  at  the  joints,  holes  must 
be  excavated  wherever  a  joint  occurs,  that  is,  at  intervals  of 
12  feet  for  all  sizes  of  pipe  above  2-inch,  and  8  feet  apart  for 
2-inch  pipe.     These  holes  are  known  as  bell  holes. 

The  ground  between  the  bell  holes  should  be  leveled 
smooth  to  carry  the  weight  of  the  pipe  evenly;  where  the 
soil  is  soft  or  marshy,  pieces  of  board  should  be  placed  across 
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the  ditch  to  help  carry  the  weight  of  the  pipe.  If  it  is 
necessary  to  fill  the  ditch  any  in  order  that  the  pipe  may  be 
firmly  bedded,  the  earth  under  the  pipe  should  be  tamped 
thoroughly.  If  the  above  precautions  are  not  taken,  the 
pipe  may  settle  and  broken  mains  or  leaky  joints  may  result; 
also,  the  pipes  may  sag  so  as  to  form  a  trap  in  which  water 
will  collect  and  partially  or  entirely  shut  off  the  flow  of  gas. 

6,  All  gas  mains  must  be  laid  truly  level,  or  else  sloping 

definitely  in  one   direction 

or  the  other,  and  at  every 

klow  point  a  drip  pot  must 

7  be  set.     Fig.    1   shows   an 

I  ordinary  drip  pot.     This  is 

composed  of    a   large  iron 

vessel  a  about  the  size  of  a 

barrel.      A  small   pipe   b  is 

run   from    the   top    of   the 

ground  down  inside  the  pot, 

Fig.  I  so    that    the   condensation 

that  is  sure  to  accumulate  can  be  pumped  out. 

7.  Joints,— Cast-iron  gas  pipe  is  jointed  either  by  lead 
joints  o\  cement  joints,  lead  joints  beingmost  commonly  used. 

A  lend  Joint  in  a  gas  main  lying  in  a  trench  is  shown  in 
Fig.  a.     To  make  the  joint,  the  spigot  end  of  the  pipe  is 


lifted  up  after  it  has  been  placed  into  the  t>ell,  as  the  socket 

is  often  called,  of  tlie  next  length  of  pipe.      A  piece ')f  twisted  . 
hemp,  about  J  inch  in  diameter  and  a  little  longer  than  the 
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circumference  of  the  pipe,  is  pushed  into  the  bell  in  such  a 
way  that  it  completely  surrounds  the  spigot  end.  The 
spigot  end  is  then  pushed  home  in  the  bell  and  the  hemp  is 
driven  back  solidly  around  the  pipe  with  a  yarning  iron  or 
staving  tool.  More  yarn  is  then  driven  in  around  the  pipe 
until  only  about  I J  inches  of  the  bell  is  left  clear.  A  joint 
runner  is  now  clamped  around  the  pipe  close  to  the  bell,  and 
any  openings  between  it  and  the  bell  are  closed  up  with  clay. 
An  opemng  or  pouring  gate  is  left  at  the  top,  through  which 
melted  lead  is  poured  until  the  bell  is  completely  filled.  Tht 
lead  should  be  just  hot  enough  to  run  freely  and  should  be 
poured  in  from  an  iron  ladle  targe  enough  to  run  the  whole 
joint  at  one  pouring.  When  two  ladlefuls  are  required,  a 
second  ladle  should  be  held  ready  to  begin  pouring  the 
instant  the  first  one  is  empty,  to  insure  a  proper  adhesion 
of  the  lead  in  the  bell.  If  no  joint  ruimer  is  at  hand,  a  piece 
of  yarn  coated  thickly  with  tough  clay  forms  a  very  goixi 
substitute.  Such  a  joint  runner  is  frequently  called  a  suabo. 
Where  the  pipe  is  a  little  wet,  some  oil,  siich  as  machine  oil, 
should  be  poured  into  the  joint  before  it  is  run.  This  will 
prevent  the  spattering  of  lead  and  will  insure  a  good  joint. 
The  lead  will  cool  in  :2  or  3  minutes.  The  joint  runner 
shoidd  then  be  removed  and  the  joint  examined  carefully, 
especially  at  the  under  side.  If  the  lead  has  not  run  in 
evenly  all  around  and  filled  the  joint  properly,  it  should  be 
cut  or  burned  out  and  a  new  joint  run. 

If  the  joint  has  filled  out  nicely,  the  lead  should  he  cut 
with  a  cold  chisel  where  it  may  have  run  out  in  small  leaks, 
and  at  the  top,  where  a  large  block  will  be  left  at  the  point 
the  lead  was  poured  in.  The  lead  sliould  then  be  driven 
back  all  around  at  the  junction  of  the  pijre  and  lead  with  a 
cold  chisel  and  a  short  heavy  hammer,  and  then  the  whole 
surface  of  the  lead  joint  should  be  driven  up  evenly  and 
smoothly  With  a  hammer  and  a  calkinj;  iron.  Calking  irons 
are  made  with  faces  of  different  sizes,  to  facilitate  the  calk- 
ing of  joints  of  different  widths. 

Great  tare  should  be  taken  in  calking  to  make  thoroughly 
tight  joints,  as  bad  joints  are  a  prevalent  cause  of  leakage. 
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8.  Cement  Jolnte  are  made  as  follows:  After  placing 
the  cast-iron  gas  pipes  in  the  trench,  and  tamping  the 
ground  around  them"  thoroughly  so  that  they  cannot  settle 
or  be  moved  out  of  alinement,  as  much  of  them  as  possible 
is  covered  without  allowing  dirt  to  fall  into  the  bell  holes, 
and  after  the  pipe  layers  are  far  enough  ahead  of  the  joint 
malcers,  the  making  of  cement  joints  can  be  begun. 

The  cement  is  made  by  mixing  Portland  cement  with 
water,  making  up  just  enough  cement  for  two  or  thrfee  joints 
at  a  time  if  there  is  but  one  man  making  joints.  The  mix- 
ing should  be  done  by  a  helper,  who  should  keep  the  mixture 
stirred  constantly  to  prevent  initial  setting.  No  sand  should 
be  used,  only  the  clear  cement,  and  it  should  be  used  in  a 
plastic  condition. 

In  making  the  joint,  the  yarn  should  be  first  soaked  in 
thin  cement  and  then  diiven  back  in  the  bell  and  followed 
up  immediately  with  the  cement,  which  is  placed  in  the  bell 
and  pushed  back  with  the  right  hand.  The  hand  should  be 
protected  by  a  rubber  mitten,  because  cement  is  injurious 
to  the  hands.  Cement  cannot  be  pushed  back  successfully 
with  a  trowel  or  Other  such  tool. 

It  is  useless  to  put  on  more  cement  than  is  required  to  just 
fill  the  bell,  and  it  should  be  faced  perfectly  smooth  with  a 
trowel.  The  joint  should  be  immediately  covered  with  a  wet 
cloth  to  supply  the  cement  with  moisture  to  prevent  it  from 
setting  too  quick,  and  to  keep  the  temperature  low.  By 
covering  the  pipes  with  dirt  previous  to  making  the  joints, 
and  by  boarding  over  the  joints,  the  temperature  of  the  pipe 
line  does  not  change  sufficiently  to  injure  the  joints.  If  the 
day  is  hot,  and  the  sun  shines  on  any  part  of  the  pipe  or 
joint,  boards  should  be  placed  over  the  joint  to  intercept 
the  sun's  rays. 

9.  Tests  for  leaks  should  not  be  applied  until  at  least 
3  h<)urs  after  the  j'jints  have  been  made.  The  test  should 
be  made  with  an  air  pump;  the  piessure  need  not  exceed 
J  pound,  as  leaks  might  he  made  by  a  greater  pressure. 
After  the  joints  are  thoroughly  set,  they  will  stand  a  higher 
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pressure.  If  the  joints  are  carefully  made,  as  described, 
the  practice  which  obtains  in  some  localities  of  having  a  lead 
joint  on  every  fourth  or  fifth  pipe  to  allow  for  expansion  and 
contraction,  need  not  be  followed,  as  there  is  little  variation 
of  temperature  if  the  pipe  is  buried  under  at  least  3  feet 
of  cover.  If  lead  joints  are  used,  the  leaks  will  generally 
be  found  at  these  rather  than  at  the  cement  joints. 

The  bells  of  pipes  for  cement  joints  should  be  made  at 
least  j[  inch  larger  than  usual  in  inside  diameter  to  per- 
mit of  using  the  hands  in  manipulating  the  cement  when 
placed  in.  The  dirt  should  not  be  rammed  in  around  the 
joints  until  the  nest  day,  and  the  utmost  precaution  should 
be  used  so  as  not  to  strike  any  part  of  the  pipe,  as  jarring 
will  make  new  cement  joints  leak. 

Properly  made  cement  joints  are  absolutely  tight,  and  are 
so  strong  that  if  the  pipe  and  joint  be  submitted  to  pres- 
sure, the  pipe  will  break  rather  than  the  cement  joint. 

10,  Air  Test. — New  mains  should  always  be  tested  in 
short  sections  by  pumping  in  air  until  the  pressure  is 
\  pound  or  more.  The  air  pressure  is  supplied  by  a  portable 
air  pump.  The  pressure  gauge  should  be  watched  closely, 
and  if  it  indicates  any  leak  by  the  gradual  lowerin^r  of  the 
pressure,  the  leak  or  leaks  may  be  foimd  by  washing  the 
suspected  parts  with  soapy  water.  The  air  pressure  will 
blow  soap  bubbles  over  the  leaks.  All  leaks  must  be  closed 
before  the  trench  is  filled.  The  section  of  main  to  be  tested 
mu.st  be  plugged  tightly  at  each  end  with  temporary  plugs. 

11,  Sleeves. — Where  two  spigot  ends  have  to  be  con- 
nected together,  a  sleeve  is  used.  This  is  a  short  piece  of 
pi[>e   large   enough   to    slip 


over  the  pipe  on  which  it  is 
used,  leaving  space  enough   | 
for  making  n  lead  or  cement 
joint  at  each  end. 

Fig.  3  shows  an  ordinary 
sleeve   in   section,  covering  ''"''' 

the  spigot  end  a  of  a  pipe  and  the  cut  end  /'  of  another 
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pipe.  After  tiie  ends  a  and  b  are  laid  face  to  face,  the 
sleeve  is  slipped  back  and  calked  in  place,  care  being  taken 
to  have  the  same  amount  of  lap  over  each  pipe. 

Where  a  main  has  cracked,  it  may  be  repaired  temporarily 
by  winding  canvas,  painted  with  white  lead,  tightly  around 
the  cracked  pipe.  A  permanent  repair  is  made  by  the  use 
of  a  split  sleeve.  A  split  sleeve  is  made  up  of  two  halves 
that  are  bolted  together,  as  shown  in  Fig.  4.     A  gasket  of 


lead,  rubber,  or  pasteboard  is  put  in  at  a  to  make  the  flange 
joints  tight.  After  the  split  sleeve  has  been  bolted  together 
around  the  pipe,  lead  or  cement  joints  are  made  at  each  end 
in  the  ordinary  manner. 

12.  Main  Sags, — Where  it  is  necessary  for  any  reason 
to  cut  mains  ori  which  the  gas  pressure  must  be  kept  up, 
inaiii  bafr^,  or  main  stoppers,  must  be  used  to  hold  back 
the  gas  when  the  main  is  cut. 


13.  A  main  bag  is  shown  at  a.  Fig.  S.  It  is  a  round 
rubber  bag  with  a  rubber  tube  leading  out  of  one  side.  The 
bags  are  made  of  different  sizes  to 
fit  the  different  sizes  of  pipes  in 
use.  Thus,  a  4-inch  bag,  when 
fully  infiated,  will  entirely  fill  up 
a  4-inch  main. 

The  bag  is  used  as  follows:  A 

hole  is  tapped  in  the  main,  as  at  6, 

Fig.  5,  a  few  feet  from   the  place 

where    the    main    has    to   be    cut, 

;ed  for  tapping  the  main  for  services. 


with  the  r 


r  twils 
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The  hole  must  be  carefully  inspected  after  it  has  been 
tapped,  and  any  slivers  of  metal  around  the  inside  edge 
removed.  _  The  bag,  which  should  be  fitted  with  a  small 
cock  c  at  the  end  of  the  tube,  is  then  folded  up  and  intro- 
duced into  the  hole,  the  end  opposite  the  tube  being  pushed 
in  first.  The  bag  should  be  pushed  well  into  the  main,  in 
the  direction  from  which  the  gas  comes,  and  then  inflated 
either  by  blowing  into  the  tube,  or  by  the  use  of  a  small 
pump,  such  as  a  bicycle  pump.  In  the  latter  case,  care  must 
be  used  not  to  burst  the  bag.  When  the  bag  is  fully  inflated, 
the  cock  in  the  end  of  the  tube  is  shut.  The  main  will  then 
be  shut  off  so  that  it  may  be  cut.  When  a  main  is  so  con- 
nected that  gas  may  come  from  either  end,  a  bag  must  be 
put  on  each  side  of  the  part  to  be  cut. 

If  the  main  to  be  bagged  is  larger  than  4  inches,  two  bags 
should  he  put  in,  one  ahead  of  the  other,  so  that  if  one  bag 
breaks  the  other  will  hold.  A  good  plan  is  to  put  in  a  main 
stopper  first,  and  then  a  bag  nearer  the  cut. 

14.  The  following  table  gives  the  size  of  the  hole  to  be 
tapped  for  main  bags  in  different  sizes  of  mains: 


TABLE    II 

SIZE  OF  TAPPING   FOR  MAIX  BAGS 

Size  of  Main 
Inches 

Siie  of  Pipe  Tap 
Inches 

i 

Size  of  Main 

Inches 

Siz 

e  of  Pii>e  Tap 
Inches 

3 
4 
6 
8 

la 
14 
i6 

3 
3 

15.  Main  Stoppers. — A  diaphragm  of  canvas  or  leather 
mounted  on  a  wire  frame,  and  that  may  he  collapsed  and 
introduced    through   a   hole   into   the   main   in   a   manner 
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similar  to  that  employed  with  a  main  bag,  is  known  as  a 
main  stopper;  Fig.  6  shows  such  a  main  stopper  in  posi- 
tion inside  of  a  pipe.  The  frame  (7 
is  expanded  after  the  stopper  has 
been  pushed  inside  the  pipe,  and 
the  diaphragm  then  shuts  off  the 


Main  stoppers  are  not  as  liable 

to  burst   as   bags  are,    but   as   a 

rule,  they  cannot  be  made  to  shut 

"''  "  off  the  gas  as  completely  as  bags. 

It  is  usually  necessary  to  tap  a  hole  one  size  larger  for  a 

main  stopper  than  is  tapped  for  a  main  bag. 


■WROUGHT-IRON  GAS  PIPE 

16.  Wroujcht-lron  pipe  may  be  used  underground  if  it 
is  thoroughly  coated  and  protected  against  rust.  It  cor- 
rodes faster  than  cast-iron  pipe  under  the  same  conditions, 
and  its  durability  will  depend  mainly  on  the  care  taken  to 
protect  it.  The  smaller  sizes  of  pipe,  such  as  those  employed 
to  connect  the  house  pipes  with  the  street  mains,  should 
always  be  galvanized  if  they  run  through  dacnp  places,  and  if 
buried  in  the  ground,  they  should  also  be  protected  by  an 
external  coating  of  as^lialluin  or  tar,  generous  in  thickness. 

When  the  pipe  runs  through  cinders  or  coal  ashes,  the 
jirotective  coating  must  be  made  of  extra  thickness  to  resist 
the  corrosive  action  of  the  water  that  filters  through  the 
cinders.  The  pipe  should  not  only  be  coated  with  asphaltum 
in  the  usual  manner,  but  should  also  be  wrapped  with  two 
or  more  layers  of  coarse  cloth,  wound  on  spirally,  and  an 
outer  coating  of  asphaltum  applied  hot,  in  sufficient  quan- 
tity to  thoroughly  saturate  the  cloth  and  cover  it. 

Galvanizing  alone  is  not  a  sufficient  protection  for  pipes 
laid  through  ashes,  or  in  ground  that  is  permeated  with  salt 
or  sea  water. 

AVrought-iron  pipe  has  an  advantage  over  cast-iron  pipe, 
inasmuch  as  the  number  of  jiiints  required  in  a  given  distance 


D.qit.zeaOvGoOt^lc 


§13  GAS  SUPPLY  AND   DISTRIBUTION  11 

is  much  less.  Plain  black  wrought-Jroii  pipe  may  be  used 
without  hesitation  for  alt  the  interior  piping  of  a  build- 
ing, except  where  its  appearance  would  not  be  desirable. 
Long  lines  of  wrought-iron  pipe  of  large  size  should  not 
be  laid  at  a  depth  of  less  then  3  feet  unless  expansion  joints 
are  provided  at  intervals.  Otherwise,  changes  of  tempera- 
ture will  cause  such  strains  from  contraction  and  expansion 
that  fittings  and  couplings  may  be  broken  and  threads 
stripped. 

LEAI>,  TIN,  COMPOSITION,  AND  RUBBER  GAS  PIPES 

17,  !Leai1  pipe  has  been  used  for  conveying  gas  both 
underground  and  in  buildings,  but  it  is  so  easily  distorted 
and  kinked  that  iron  pipe  is  now  usually  preferred.  Lead 
pipe  must  be  protected  against  corrosion  wherever  it"  comes 
in  contact  with  cement  or  mortar,  by  wrapping  it  with 
building  paper  and  coating  it  with  asphaltum  or  hot  tar. 

18.  Pipes  that  are  made  of  lead,  blot^k  tin,  or  compo- 
sition have  a  very  smooth  interior  surface,  which  favors  the 
flow  of  gas  through  them,  and  they  are  also  capable  of  being 
easily  bent  to  suit  any  position.  But,  owing  to  their  flexi- 
bility, they  must  be  supported  on  shelving  when  extended 
horizontally,  to  prevent  them  from  sagging  and  thus  form- 
ing low  places  that  are  liable  to  accumulate  condensation. 

The  tabor  of  making  the  necessary  connections  between 
soft  pipes  and  the  fixtures  is  greater  than  with  iron  pipe, 
and  the  first  cost  of  the  material  is  also  greater;  conse- 
quently, the  use  of  soft  metal  piping  is  usually  dispensed 
with  as  far  as  [-racticabte. 

Soft  metal  pipes  are  liable  to  be  damaged  or  punctured 
by  nails  that  may  he  driven  througii  the  woodwork  near 
them,  and  sometimes  holes  will  be  gnawed  into  them  by 
rats  and  mice.  These  little  animals  seem  to  like  to  use 
their  teeth  on  the  soft  metal,  and  they  will  occasionally 
gnaw  a  pipe  without  any  other  apparent  reason. 

In  the  United  States  of  America,  neither  lead,  block  tin. 
nor  composition  pipe  is  today  used  in  any  service  work  or 
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for  gas-fitting  work  inside  of   buildings,  except   for  meter 
connections,  where  lead  pipe  is  generally  used. 

19.  Pure  rubber  is  not  a  suitable  material  for  holding 
gas,  because  the  gas  will  ooze  through  it  and  escape,  just 
as  water  will  ooze  through  wet  paper.  When  rubber  is 
used  for  the  construction  of  gas  bags  and.flexible  tubing,  it 
must  be  specially  prepared  in  order  to  be  gas-tight. 


LAYING  OITT  GAS  MAINS 

80.  In  laying  out  a  system  of  gas  mains,  a  careful  esti- 
mate should  be  made  as  to  the  probable  growth  of  the 
locality  to  be  piped,  and  the  mains  should  then  be  laid  large 
enough  to  furnish  a  proper  supply  for  a  long  period  in  the 
future.  The  most  efficient  and  best,  as  well  as  the  cheapest, 
way  to  pipe  a  locality  is  to  lay  a  large  main  through  it  in 
the  direction  of  its  greatest  length  and  to  lay  smaller  lateral 
mains  from  the  large  main  on  the  streets  at  right  angles  to 
it.  The  streets  that  parallel  the  one  in  which  the  large 
main  is  laid  may  be  supplied  by  still  smaller  mains  connect- 
ing the  lateral  mains.  Then,  in  case  the  system  is  to  be 
extended  lengthwise,  it  is  only  necessary  to  extend  the  large 
main  and  put  on  more  lateral  mains,  while  if  the  locality 
builds  up  to  the  right  or  left  of  the  large  main  another  large 
main  can  be  run  parallel  to  the  first  and  at  some  distance 
from  it  and  the  ends  of  the  lateral  mains  connected  into  it. 

This  system  is  better  than  the  usual  one  of  beginning  with 
a  large  main  and  reducing  it  in  size  as  the  various  branches 
are  taken  off,  thus  forming  a  main  system  similar  to  the 
branches  of  a  tree.  In  the  first  place,  it  is  the  cheaper  in 
the  end,  as  it  obviates  the  necessity  of  taking  up  mains  that 
have  become  too  small  and  laying  larger  pipe,  and  in  the 
second  place,  it  allows  a  more  even  pressure  all  over  the  dis- 
trict supplied  and  obviates  the  necessity  of  carrying  a  high 
pressure  near  the  works. 

Where  it  is  necessary  to  increase  the  supply  in  a  street, 
the  main  that  is  too  small  should  bi-  taken  up  and  a  larger 
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one  laid.  The  small  main  may  then  be  relaid  in  some  suit- 
able locality.  It  costs  but  little  more  to  dig  up  the  old 
main  and  lay  the  new  one  in  the  same  ditch  than  it  does  to 
dig  a  new  ditch  for  the  new  main. 

Parallel  mains  should  not  be  allowed  in  the  same  street 
except  in  cases  where,  on  account  of  paving  or  other 
reasons,  the  mains  must  be  laid  under  the  sidewalks.  It 
costs  much  less  to  lay  one  large  main  of  a  given  capacity 
than  it  does  to  lay  two  small  mains  of  the  same  capacity; 
and,  as  in  the  latter  case  the  number  of  joints  will  be 
doubled,  the  leakage  will  be  greater  for  the  same  amount  of 
gas  supplied  and  the  cost  of  repairs  and  maintenance  will  be 
nearly  doubled. 

Where  it  is  necessary  to  lay  mains  on  both  sides  of  a 
street,  the  best  practice  is  to  lay  a  large  main  on  one  side 
and  a  small  one  on  the  other,  connecting  the  two  together 
at  frequent  intervals.  This  is  because  it  is  cheaper  to  lay  a 
large  main  and  a  small  one  of  a  given  capacity  than  it  is  to 
lay  two  mains  of  equal  size  of  the  same  capacity.  The 
small  main  in  the  first  case,  being  reenforced  at  freqnent 
intervals,  suffers  but  little  loss  in  carrying  capacity  by 
reason  of  friction  and  can  therefore  be  made  quite  small  in 
proportion  to  the  volume  of  gas  that  it  is  to  supply. 


GAS-PIPE  F1TTIN08 

21.    The  fittings  employed  in  gas  piping  in  buildings  are 
generally  similar  to  those  made  for  steam  and  water,  except   ■ 
that  some  of  them   are  provided  with  lugs  or   flanges   by 
which  they  can  be  firmly  fastened  to  the  walls  and  ceilings. 

They  should  be  made  of  malleable  iron  for  all  sizes  up  to 
2  inches  diameter;  for  larger  sizes,  cast  iron  may  be  used. 
Galvanized  fittings  are  to  be  preferred  to  plain  iron  fittings, 
because  the  coating  of  zinc  will  usually  penetrate  into  any 
small  pinhole  that  may  exist,  and  will  effectually  seal  it 
against  leakage. 

Defective  fittings  should  not  be  employed  in  any  caw, 
and  when  one  is  discovered  in  use,  it  should  be  promptly 
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removed,  if  possible,  and  be  replaced  with  a  perfect  one. 
The  practice  of  patching  holes  or  defects  in  fittings  or  pipes 
with  wax  cement  is  dangerous,  and  should  be  condemned. 
The  cost  of  replacing  defective  fittings  with  sound  ones  is 
so  small  in  proportion  to  the  damage  that  may  be  done  by  a 
leak,  such  as  vitiating  the  air  or  suffocating  some  person,  or 
causing  an  explosion  or  fire,  that  the  gas-filter  is  not  justified 
in  risking  anything  on  the  durability  and  permanency  of  a 
cement  patch.  Such  patches  are  especially  unsafe  if  they 
are  in  the  vicinity  of  steam  or  hot-water  pipes  or  hot-air 
flues,  or  are  near  a  hot  chimney.  The  heat  will  soften  the 
wax,  and  the  gas  pressure  will  slowly  force  it  out  of  the 
hole. 


(oi3|o) 


pipnij;    IS 
iron,  and  a 


r  of  fittings  (;s[>c<i;illy  dt^sijined  for  gas 
in  Fij;.  7.  TIk'v  arc  niaile  of  malleable 
wn  in  the  trade  by  the  following  names: 
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(a)  Quarter  elbow ;  (*)  tee;  {c)  street  elbow;  (</)  cross; 
(c)  elbow  with  side  outlet;  {/)  right  and  left  coupling;; 
(g)  reducing  coupling;  (A)  cap;  (i)  male  and  female  exten- 
sion piece;  (_/')  plug;  (i)  waste  nut;  (/)  drop  elbow,  female 
thread;  (;«)  drop  elbow,  with  male  thread;  («)  drop  tee, 
with  female  thread;  (t>)  drop  tee,  with  male  thread;  (^)  drop 
elbow,  with  male  thread,  left  flange;  (y)  male  chandelier 
loop;  (r)  drop  elbow  with  long  outlet  piece;  (i)  chandelier 
hook,  female;  (I)  pipe  strap,  tinned;  («)  locknut;  (t)  long 
screw.  The  flanged  fittings  can  be  had  either  right  or 
left,  and  also  with  male  or  female  threads. 


GAS    DISTRIBUTION 


FLOW    OF    GAS   THBOUGH    PIPES 

LAWS   GOVEBNING    FLOW  OF  GAS 

33.  The  flow  of  gas  is  governed  by  the  same  laws  that 
govern  the  flow  of  other  fluids.  The  rate  of  flow  depends 
on  :  (1)  the  area  of  the  pipe;  (2)  the  length  of  the  pipe; 
(3)  the  pressure  of  the  gas;  (4)  the  density  of  the  gas; 
(5)  the  number  and  kind  of  fittings  in  the  length  of  the 
pipe. 

The  volume  delivered  in  a  given  time  by  a  pipe  of  given 
area,  the  pressure  and  density  of  the  gas  remaining  the 
same,  will  be  inversely  as  the  square  root  of  the  length  of 
the  pipe. 

If  the  length,  area,  and  density  remain  the  same,  the 
volume  delivered  will  be  directly  as  the  square  root  of  the 
pressure. 

The  pressure,  length,  and  area  remaining  the  same,  the 
volume  delivered  will  be  inversely  as  the  square  root  of  the 
density, 

24,  If  the  rate  of  flow  through  any  certain  length  of 
pipe   is    known,   the  volume  that   will   be  delivered  by   a 
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longer  or  shorter  pipe  of  the  same  diameter,  in  the  same 
time  (the  pressure  and  density  of  gas  remaining  the  same), 
may  be  found  by  the  following  rule  ; 

Kiile. — Multiply  the  volume  delivered  by  the  pipe  of  given 
length  by  the  square  root  of  that  length,  and  divide  the 
product  by  the  square  root  of  the  proposed  length.  The  quo- 
tient will  be  the  delivery  at  the  proposed  length. 

Example. — A  certain  pipe  50  feet  long  delivers  100  cubic  feet  of  gas 
per  hour;  how  much  will  ii  deliver  if  it  be  made  150  feet  long? 

Solution. — Applying  the  rule,  we  have 

delivery  =  ^""  ^..^^  =  57.71  cu.  ft.     Ana. 

85.  The  volume  that  will  be  delivered  under  different 
pressures  may  be  computed  by  the  following  rule: 

Rule. — Multiply  the  volume  delivered  at  the  given  pres- 
sure by  the  square  root  of  the  proposed  pressure,  and  divide 
the.  product  by  the  square  root  of  the  given  pressure.  The 
quotient  will  be  the  delivery  at  the  proposed  pressure. 

The  pressure  to  be  considered  in  each  case  is  the  excess 
of  the  pressure  of  the  gas  when  it  enters  the  pipe,  above 
the  pressure  existing  in  the  chamber  into  which  it  dis- 
charges; or,  in  other  words,  it  is  the  difference  in  pressures 
at  the  inlet  and  discharge  end  of  the  pipe. 

Example. — A  certain  pipe  discharges  100  cubic  feet  of  gas  per  hour 
from  a  reservoir  liaving  an  internal  pres-fure  of  1.6  inches  of  water, 
into  the  atmosphere;  what  volume  will  be  discharged  per  hour  if  the 
pressure  be  increased  to  5  inches  of  water  ? 

Solution.— Applying  the  rule,  we  have 

delivery  =  — -^  ^~  =  176.7  cu.  ft.     Ana. 
Vl.6 

26,  The  pressure  that  must  be  put  on  a  main  to  dis- 
charge a  given  volume,  when  the  delivery  under  another 
pressure  is  known,  may  he  computed  by  the  following  rule: 

Itiilc — .Square  the  desired  vol/iiiic  and  multiply  it  by  the 
given  pressure.  Ih'-.-ide  this  product  by  the  square  of  the 
knoxvn  volume.     The  quotient  will  be  the  desired  pressure. 
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ExAHPLB. — A  certain  pipe  delivers  80  cubic  feet  of  gas  per  hour, 
from  a  main  having  an  internal  pressure  of  2.4  inches  of  water;  what 
pressure  must  be  put  on  the  main  to  cause  the  pipe  to  deliver  180  cubic 
feet  per  hour  ? 

Solution. — Applying  the  rule,  we  have 

ISO"  X  2.4      Q  ,.  ,        , 
pressure  = ^ —  =  9.44  in.    Ana. 

87.  The  effect  of  variations  in  the  density  of  the  gas  on 
its  flow  may  be  computed  by  the  rule  in  Art.  24,  by  merely 
substituting  the  word  density  for  the  word  length. 

The  foregoing  rules  apply  only  to  the  theoretical  flow  of 
gas  under  perfect  conditions.  In  practice,  perfect  condi- 
tions are  never  attained;  consequently,  the  actual  How  of 
gas  in  pipes  is  less  in  volume  than  that  computed  by  the 
rules  given.  The  deficiency  varies  according  to  the  amount 
of  friction  and  other  resistances  within  the  pipe. 

28.  The  actual  volume  of  gas  discharged  from  a  pipe 
may  be  calculated  quite  closely  by  the  following  empirical 
^-ule  due  to  Mr.  King: 

Rule. — Multiply  the  diameter  of  the  pipe  in  inches  four 
limes  by  itself  and  the  final  product  by  the  pressure  in  inches 
of  water.  Divide  this  product  by  the  product  of  the  specific 
gravity  of  the  gas  {air  being  taken  as  1)  and  the  length  of 
the  pipe  in  yards.  Extract  the  square  root  of  the  quotient 
and  multiply  the  square  root  by  1,350.  The  product  will  be 
the  number  of  cubic  feet  of  gas  discharged  per  hour. 

EXAHPLB. — How  much  gas  per  hour  can  be  discharged  by  a  pipe 
1,780  yards  long  and  10  inches  diameter,  the  pressure  being  8  inches 
and  the  gas  having  a  specific  gravity  of  .4  ? 

Solution. — Applying  the  rule,  we  have 


d.,l.„,  .  ./lOXKIXl.XWXlOXS  ^  ,  „  ^  „^  ^„  „    ^„^ 


GAS  PRESSURE    A;*1)   ITS   MEASl'RKMKNT 

29.     Influence  of  Ilelght  on  Pressure. — If  the  specific 
gravity  of  a  gas  is  less  than  that  of  air  at  the  same  tempera- 
ture, the  pressure  will  always  be  greater  at  the  top  of  the 
as— tf 
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pipe  or  chamber  that  contains  the  gas.  If  the  gas  is  heavier 
than  air,  the  greater  pressure  will  be  at  the  bottom  of  the 
chamber  that  contains  it. 

The  upward  pressure  of  gas  having  a  less  density  than  air 
is  caused  by  the  deficiency  in  its  weight  and  its  consequent 
inability  to  balance  the  pressure  of  the  atmosphere. 

For  illustration,  let  us  consider  a  column  of  gas  1  foot 
square  and  100  feet  high,  having  a  density  of  .5,  or  one- 
half  that  of  air,  its  temperature  being  the  same  as  that  of 
the  atmosphere,  say  60°.  Now,  air  at  60°  weighs  .0764  pound 
per  cubic  foot,  and  a  column  containing  100  cubic  feet  will 
weigh  .0764  x  100  =  7.64  pounds.  The  gas  having  a  density 
of  .5  will  weigh  only  half  as  much,  or  3.83  pounds,  and  is, 
therefore,  unable  to  balance  an  equal  volume  of  air.  Con- 
sequently, it  is  pressed  upwards  with  a  force  of  7.64  —  3.83 
=  3.8:^  pounds  against  the  top  of  the  chamber  that  contains 
it.  Whatever  the  actual  pressure  of  the  gas  may  be  at  the 
bottom  of  the  column,  it  will,  in  this  case,  be  increased  at 
the  top  to  the  extent  of  3.82  pounds  per  square  foot. 

30.  The  increase  of  pressure  in  each  foot  of  rise  in  pipes 
with  gas  of  various  densities,  is  shown  in  the  following 
table: 

TABLE  m 

IXCREASK    IX   HAS   PRESSURE   PEK   FOOT   OF   RISE 


Density  of  gas. . . 
Increase    in   pres- 
sure (inches  of 


Example.— The  pressure  in  the  basement, 
of  water;  what  will  be  the  pressure  at  the  s 
the  density  of  the  gas  being  .4  ? 

Solution,— By  Table  III.  the 
hence,  for  70  ft,  it  is  .01188  x  TO  = 
sixth  story  Is  1.3  +  ,616  ~  1.HI8  ii 


ith  story,  70  feet  above, 

per  foot  of  rise  is  .0088  in. ; 
Then,  pressure  at 


31.     Measaremeiit  of  Gas  Pressure. — Since  the  pres- 
sures dealt  with  in  gas   supply  and  distribution  are  quite 
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small,  it  is  the  custom  to  use  a  unit  of  measurement  of  the 
pressure  smaller  than  the  pound  per  square  inch  used  for 
steam  work.  The  universally  adopted  unit  is  the  pressure 
per  square  inch  exerted  at  its  base  by  a  column  of  water 
1  inch  high,  which  is  .0361  pound.  For  the  sake  of  brevity 
and  convenience,  the  pressure  is  not  reduced  to  pounds,  but 
is  expressed  by  simply  stating  the  height  of  the  water 
column  in  inches  that  the  pressure  will  balance.  Thus,  if 
there  be  a  pressure  in  a  gas  main  sufficient  to  balance  a 
column  of  water  4(  inches  high,  the  pressure  is  said  to  equal, 
or  to  be,  41  inches  of  water. 

The  pressure  of  gas  is  measured  by  the  same  instruments 
used  for  air  and  other  fluids.  The  construction  of  the 
instruments,  however,  is  varied  somewhat  for  convenience  in 
handling. 

32.  The  most  common  form  of  gas-pressure  gauge  is 
shown  in  Pig.  8.  It  is  known  by  different  names,  being 
respectively  calleda  water  grauire, siphon gaage, 
or  U  gauge.  The  tube  a  is  made  of  metal  and  is 
provided  with  a  socket  ^^that  will  screw  on  any 
ordinary  gas  fixture  in  the  place  of  a  burner. 
The  tubes  b  and  ■:  are  made  of  glass  and  are  filled 
with  water  up  to  the  zero  of  the  scale.  The 
scale  is  graduated  in  inches  and  convenient  frac- 
tions of  an  inch.  The  tube  c  is  open  to  the  air  at 
the  top.  When  pressure  is  admitted  to  the 
tube  n,  the  water  will  sink  in  the  tube  b  and 
will  rise  in  c.  The  difference  in  the  height  of 
the  water  in  the  two  tubes,  measured  in  inches, 
is  the  measure  of  the  pressure  exerted  in  inches 
of  water.  The  depression  below  zero  in  b  should 
be  added  to  the  rise  above  zero  in  c.  The  fall  , 
in  one  tube  will  not  exactly  equal  the  rise  in  the 
other,  unless  the  tubes  are  of  exactly  equal  bore.  °' 

Water  gauges  are  sometimes  made  with  scales  that  are 
graduated  to  one-half  of  actual  sizes,  so  that  only  the  rise  in 
one  tube  need  be  noted.     An  instrument  that  is  graduated 
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in  that  way  must  be  held  exactly  plumb,  and  the  water  must 
stand  exactly  at  zero  at  the  start;  otherwise,  it  will  be  found 
that  the  rise  and  fall  will  not  be  equal,  and  must  be  averaged 
to  get  the  true  pressure. 

33.    The  Arch,  or  King,  irange,  shown  in  Pig.  9,  con* 
sists  of  a  cylinder  a  that  runs  down  through  the  top  of  the 
tank   b  and   dips   its   open 
bottom  into  the  water  with 
which   the    tank    is    partly 
filled,  as  shown  by  the  dotted 
lines.       The    tank   is    also 
open  at  the  top  and  contains 
a   float,    shown    by    dotted 
lines,    which   rests  on    the 
water   inside    the  cylinder. 
This  float  is  connected  by 
the  cord  c,  which  runs  over 
a  wheel,   to   the  weight  d. 
When  gas  under  pressure  is 
admitted   through  e  to  the 
space  above   the   water  in 
the    tank    d    the    pressure 
forces  the  water  in  the  tank  down  and  the  water  level  in  the 
cylinder  a  is  correspondingly   raised.     The  float  is  raised 
along  with  the  water  level  in  the  cylinder.     This  slacks  the 
cord  c,  which  allows  the  weight  d  to  pull  the  wheel  toward 
it.     The  pointer,  which   is  on  the  same  axis  as  the  wheel, 
turns  toward  the  right  at  the  same  time  and  indicates  in 
inches  of  water  the  amount  of  pressure  applied.     The  pet- 
cocks  f,  /are  used  to  drain  off  water  from  the  tank  until 
the  pointer  is  exactly  at  the  zero  mark,  when  the  pressure 
in  the  tank  is  equal  to  that  of  the  atmosphere. 

The  amount  of  movement  of  the  pointer  depends  on  the 
size  of  the  wheel.  The  proportion  of  the  apparatus  may 
therefore  be  so  arranged  as  to  give  any  degree  of  sensitive- 
ness required,  and  variations  of  pressure  that  could  not  be 
observed  on  the  water  gauge  shown  in  Fig.  8  may  be  satis- 
factorily noted. 
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34,  It  is  readily  seen  that  if  comparatively  heavy  pres- 
sures are  to  be  measured,  the  water  gauge  will  become  so 
large  as  to  prove  inconvenient  as  a  portable 
instrument.     By  substituting  a  heavier  liquid 

for  the  water,  the  bulk  will  naturally  be 
greatly  reduced.  The  liquid  generally  used 
is  mercury,  which  is  13.6  times  heavier  than 
water,  and  the  gauge  is  then  spoken  of  as  a 
mercurial  gau^re. 

Mercurial  gauges  for  gas-fitters'  use  are 
commonly  made  as  shown  in  Fig.  10,  and  are 
known  as  cup  g&ugea.  They  are  always 
graduated  to  give  a  reading  in  inches  of 
water,  and  not  in  inches  of  mercury. 

In  Pig.  10  the  mercury  is  contained  in  an 
iron  cup  k,  and  the  air  or  gas  under  pressure 
enters  through  the  tube  (.  The  glass  tube  * 
is  packed  or  cemented  air-tight  at  /,  and  is 
protected  by  a  tubular  brass  casing  m. 
When  the  mercury  rises  in  the  glass  tube,  it 
sinks  in  the  cup,  but  to  a  much  smaller 
extent.     The  graduations  on  the  brass  casing  '"'  " 

indicate  the  difference  of  level  that  exists  between  the  mer- 
cury in  the  tube  when  standing  at  that  height,  and  the 
actual  surface  of  the  mercury  in  the  cup. 

To  indicate  correctly,  this  gauge  must  contain  exactly  a 
certain  quantity  of  mercury,  no  more  or  less.  It  can  be 
tested,  or  calibrated,  at  any  time  by  comparing  it  with  the 
gauge  shown  in  Fig.  8,  adding  or  taking  out  mercury  from 
the  cup  until  they  agree.  If  they  agree  at  some  points  and 
not  at  others,  then  the  scale  is  defective  and  should  be 
regraduated. 

When  in  use,  the  glass  tube  must  always  be  open  to  the  air 
at  the  top. 

35,  Pressures  that  have  been  measured  in  inches  of 
water  or  mercury  may  be  changed  into  pounds  per  square 
inch   or   square   foot   by  multiplying  the   reading   by   the 
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following  figures:  1  inch  of  water  at  62°  =  6.3  pounds 
per  square  foot;  1  inch  of  wateV  at  62°  =  .0361  pound  per 
square  inch;  1  inch  of  mercury  at  62°  =  .4917  pound 
per  square  inch. 

Pressures  per  square  inch  or  square  foot  may  be  converted 
into  inches  or  feet  of  water,  or  inches  of  mercury,  by  mul- 
tiplying the  pressures  by  the  following  figures:  1  pound  per 
square  foot  =  .1923  inch  of  water  at  62°;  1  pound  per 
square  inch  =  37.7  inches  of  water  at  63°;  1  pound 
per  square  inch  =  2.042  inches  of  mercury  at  62°;  1  inch 
of  mercury  column  =  13.6  inches  of  water  column. 


HBASTTBTNO  VBIXKIITT  OP  F1X>W  OF  GAS 

36.  The  velocity  of  gas  flowing  through  a  pipe  may  be 
measured  by  means  of  Pitof  s  tube,  which  is  shown  in 
Fig.  11.  It  consists  of 
two  tubes  (7  and  ^,  which 
are  secured  in  a  suitable 
plug  c.  The  lower  end 
of  a  is  straight,  but  the 
end  of  b  is  curved  to 
face  the  current,  as 
shown.  The  uppe  r 
ends  of  the  tubes  are 
connected  to  a  water 
gauge  (/.  The  pressure 
that  affects  the  gauge 
is  due  to  the  momen- 
tum of  the  gas  that 
strikes  the  open  end 
of  the  tube  b.  The 
velocity  that  corre- 
sponds to  any  certain 
indication  of  the  water  gauge  may  be  found  by  refer- 
ring to  the  tables  that  are  furnished  by  the  maker  of  the 
instrument. 
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The  volume  of  gas  passing  through  a  pipe  in  a  given 
time  is  computed  by  multiplying  the  velocity,  as  found  by 
Pitofs  tube,  by  the  area  of  the  pipe. 

37.  The  actual  quantity  of  the  gas,  or  the  standard 
volume,  is  computed  by  correcting  the  volume  for  tempera- 
ture and  pressure,  reducing  it  to  a  volume  at  standard  tem- 
perature of  ;W  and  standard  pressure  of  1  inch  of  water. 
The  correction  for  temperature  and  pressure  is  made  by  the 
following  rule: 

Rule. — Multiply  the  volume  by  1.200  and  by  the  sum  of 
the  pressure  in  inches  of  tuater  and  Ifil.  Dii'ide  the  product 
by  the  sum  of  the  temperature  {in  degrees  Fahrenheit)  and 
460.      The  quotient  will  be  the  standard  voluiiie. 

Example.— A  certain  gas  pipe  passes  2.352  cubic  feet  of  gas  per  hour 
at  a  temperature  of  94  degrees  under  a  pressure  of  6  inches  of  water. 
What  is  the  standard  volume  ? 

Solution. — Applying  the  rule  just  given,  we  have 


1.206  X  (8  +  40T) 


=  2.034.5  cu.  fi.     Ans. 


In  dealing  with  gas  it  is  necessary  to  keep  in  mind  a  clear 
distinction  between  the  apparent  volume  of  the  gas  and  the 
actual  quantity.  The  former  is  the  volume  as  measured  at 
the  actual  temperature  and  pressure,  while  the  latter  is  the 
volume  of  the  same  gas  at  standard  temperature  and 
pressure. 


MEASUKINO    VOLUME   OF  GA9 

38.  Introduction. — For  ordinary  purposes,  the  volume 
of  gas  passing  through  a  pipe  is  measured  by  an  apparatus 
called  a  gaa  meter.  A  gas  meter  measures  the  volume 
only.  It  does  not  give  any  indication  as  to  the  pressure 
under  which  gas  is  being  metered,  but  as  most  meters  are 
adjusted  at  a  pressure  of  less  than  a  inches  of  water  column, 
and  as  that  pressure  is  usually  the  minimum   used  in  the 
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street  mains,  the  error  possible  from  variations  in  pressure 
is  very  slight.  For  example,  if  a  meter  registers  1,000  cubic 
feet  of  gas  at  the  pressure  for  which  it  is  adjusted,  say 
2  inches  of  water,  it  will  actually  pass  1,004.9  cubic  feet  at 
5  inches  pressure,  and  yet  register  but  1,000  cubic  feet.  It 
is  thus  seen  that  the  error  is  less  than  one-half  of  1  per  cent, 
for  an  increase  in  pressure  of  3  inches,  and  in  favor  of  the 
customer,  and  not  of  the  gas  company,  as  is  commonly 
assumed. 

The  maximum  pressure  at  any  meter  is  seldom  more 
than  5  inches;  the  average  maximum  pressure  of  the  total 
number  of  meters  in  use  on  any  system  of  mains  is  probably 
not  more  than  3  inches.  Wherever  gas  is  piped  under  very 
high  pressure,  as  iu  the  case  of  natural  gas,  or  where  illu- 
minating gas  is  piunped  from  one  district  to  another,  a 
governor  or  reducing  valve  is  always  placed  on  the  service, 
so  that  the  pressure  is  reduced  before  the  gas  reaches  the 
meter. 

39.  Construction  of  Qas  Meters. — Meters  for  meas- 
uring the  volume  of  gas  have  been  constructed  in  many 
ways.  The  kinds  that  are 
most  in  use  at  the  present 
time  are  shown  in  Figs.  13, 
13,  and  U. 

The  Tvet  meter  is  shown 
in  Fig.  la.  The  gas  enters 
through  a  pipe  a,  which 
opens  just  above  the  surface 
of  the  water.  The  meas- 
uring is  done  by  means  of  a 
revolving  cylinder  that  is 
divided  by  partitions  into 
four  chambers  d,  c,  d,  and  e, 
^°- "  The  inner  ends  of  the  parti- 

tions are  curved  so  that  they  dip  under  the  water  and  pre- 
vent the  incoming  gas  from  entering  into  any  other  chamber 
than  the  one  that  is  rising  out  of  the  water.     In  the  figure, 
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gas  is  beginning  to  till  the  chamber  it,  and  it  is  discharging 
freely  from  the  chamber  d  into  the  outer  casing  to  which 
the  discharge  pipe  is  attached.  The  outlet  of  the  chambers 
is  still  under  water,  and  no  gas  can  escape  from  it  until  the 
cylinder  turns  over  a  little  farther.  The  filling  and  empty- 
ing of  the  chambers  continue  as  long  as  any  gas  is  passing 
through  the  meter. 

The  capacity  of  each  chamber  depends  on  the  level  of  the 
water  within  it;  consequently,  the  water  must  be  kept 
exactly  at  a  proper  level  at  all  times  to  enable  the  meter  to 
measure  accurately.  The  axis  of  the  cylinder  must  be 
exactly  horizontal;  otherwise,  the  capacity  of  the  chambers 
will  be  increased  and  the  meter  will  indicate  less  than  the 
true  volume  passing  through.  Also,  the  water  will  evapo- 
rate and  pass  off  as  vapor  along  with  the  gas,  and,  unless 
replenished,  the  meter  will  become  more  and  more  inaccu- 
rate, until  finally  the  gas  will  pass  through  without  register- 
ing at  all.  Many  dishonest  persons  have  taken  advantage 
of  the  fact  that  by  tipping  the  meter  so  that  one  end  of  the 
cylinder  is  considerably  higher  than  the  other,  the  water 
may  be  made  to  uncover  the  inlet  and  outlet  openings  of  a 
chamber  at  the  same  time,  thus  permitting  the  gas  to  pass 
through  without  turning  the  cylinder  or  registering. 

The  best  forms  of  wet  meters  are  provided  with  a  float 
attachment  that  automatically  closes  the  gas  inlet  when 
the  water-line  is  too  "high  or  too  low,  thus  obtaining  a 
reasonably  uniform  measuring  capacity  in  the  meter,  and 
preventing  a  passage  of  gas  without  a  corresponding  move- 
ment of  the  drum. 

The  wet  meter  is  sufficiently  accurate  if  kept  in  good 
order,  but  owing  to  the  defects  mentioned,  it  is  now  but 
little  used  for  measuring  the  amount  of  gas  supplied  to 
consumers.  It  is  still  employed  at  gasworks,  in  preference 
to  all  others,  to  measure  the  total  amount  of  gas  produced. 
For  this  purpose  it  is  made  very  large  and  is  provided  with 
glass  gauges  by  which  the  level  of  the  water  may  be 
observed  and  accurately  controlled.  It  is  then  called  a 
Btarion  meter. 
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40.  An  ordinary  design  of  dry  meter  is  shown^  in 
Fig,  13.  The  measuring  is  done  by  means  of  two  bellows  a 
and  b,  which  are  alternately  in- 
flated and  emptied.  The  meter 
case  is  divided  into  three  cham- 
bers, the  upper  one  containing  the 
valves  c  and  (/and  the  registering 
mechanism.  The  body  of  the  case 
is  divided  by  a  partition  e  into  two 
equal  chambers,  each  of  which  con- 
tains one  of  the  bellows.  Each 
bellows  consists  of  a  large  circular 
plate  f  attached  to  and  supported 
by  the  vertical  rock  shaft  g,  and 
a  flexible  ring  or  diaphragm  //,  hav- 
ing one  edge  secured  to  the  plate  / 
and  the  other  to  the  middle  par- 
tition e.  The  rock  shafts  g,  g  Are 
connected  at  the  top  by  arms  and 
links  to  a  central  crank  k.  The 
throw  or  stroke  of  the  plates  /  is 
thus  limited  to  an  exact  distance, 
and  the  relative  movements  of  the 
two  bellows  are  so  timed  that  the 
Vioii  movement  of  gas  through  them  is 

steady  and  nearly  uniform.  The  interior  and  exterior 
spaces  of  the  two  bellows  constitute  four  measuring 
chambers,  and  the  gas  is  admitted  to  and  released  from 
them  in  rotation,  by  the  movement  of  the  slide  valves  c 
and  d.  These  valves  are  moved  by  means  of  links  con- 
nected to  the  crank  on  the  lower  end  of  the  central  shaft  /. 
The  amount  of  gas  passed  through  by  each  bellows  at  one 
revolution  of  the  shaft  nearly  equals  the  area  of  the  circle 
filled  by  the  leather  ring  h  multiplied  by  the  actual  distance 
through  which  the  plate/" is  moved,  or  twice  its  stroke. 

The  capacity  of  the  meter  is  regulated  by  adjusting  the 
radius  of  the  crank  k,  and  thus  changing  the  length  of  the 
stroke   of   the   bellows.      The   rotations  of   the   shaft  are 
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recorded    by   the   registering    mechanism   at   m,   and   the 
volume  passed  through  is  indicated  in  cubic  feet. 

The  rings  or  diaphragms  /;  are  usually  made  of  fine 
leather.  After  long  service  these  rings  are  liable  to  become 
hard  and  stiff,  and  to  crack.  To  keep  them  in  good  service- 
able condition,  they  mlist  be  oiled  at  intervals.  When  the 
meter  is  used  for  gas  that  has  not  been  properly  purified, 
the  leather  rings  are  liable  to  become  coated  with  tarry 
matter  and  thus  be  spoiled. 

41.  Dry  meters  are  also  made  with  three  diaphragms, 
and  the  diaphragms  are  sometimes  made  square.  An 
external  view  of  a  dry  meter  designed  especially  for  natural 


gas  and  high  pressures  is  shown  in  Fig.  14  (<?),  and  an 
inside  view  of  the  working  part  in  Fig.  14  {b),  in  which 
view  two  of  the  diaphragms  and  the  cover-plates  have  been 
removed. 

Three  diaphragms,  as  a,  are  employed,  each  one  being 
connected  by  a  link  to  the  central  crank  h.  The  dia- 
phragms are  single-acting,  that  is,  they  displace  gas  only 
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when  they  move  outwards  into  the  chambers  enclosed  by 
the  covers  d.  The  central  or  main  chamber  is  filled  with 
gas  at  fnll  pressure  at  all  times.  The  gas  is  admitted  and 
released  from  the  measuring  chambers  behind  the  dia- 
phragms by  means  of  a  hollow  circular  slide  valve  c  that  is 
attached  to  the  crank  on  the  lower  end  of  the  central 
shaft.  When  gas  is  admitted  to  a  measuring  chamber,  the 
diaphragm  is  balanced,  having  an  equal  pressure  on  each 
side,  and  it  moves  inwards  in  obedience  to  the  crank,  with- 
out resistance,  thus  filling  the  chamber  behind  it.  But 
when  the  valve  cuts  off  the  fresh  gas  and  opens  a  duct  into 
the  delivery  pipe,  the  pressure  in  the  central  chamber 
exceeds  that  in  the  delivery  pipe,  and  the  diaphragm  is 
driven  outwards,  expelling  the  gas  from  the  measuring 
chamber.  Thus  the  measuring  chambers  are  filled  and 
emptied  in  regular  rotation.  The  shape  of  the  meter  being 
spherical,  it  can  endure  high  pressures  without  distortion  or 
any  impairment  of  its  accuracy. 

43.  All  gas  meters  require  a  certain  small  amount  of 
power  to  operate  them;  consequently,  the  pressure  of  the 
gas  will  be  slightly  reduced  in  passing  through  the  meter. 
In  the  ordinary  size  used  in  dwellings,  the  reduction  of  pres- 
sure usually  amounts  to  about  .3  inch  of  water,  sometimes 
more.  When  gas  is  supplied  at  very  low  pressure,  it  becomes 
difficult  to  use  a  meter,  because  the  resistance  that  it  offers 
diminishes  the  pressure  at  the  burners  to  such  an  extent 
that  the  gas  will  not  burn  well. 

Thus,  if  gas  is  furnished  at  a  pressure  of  .5  inch  and  the 
resistance  of  the  meter  is  .2,  then  the  gas  passing  to  the 
burners  will  have  a  pressure  of  only  .3  inch,  and  will  burn  in 
such  a  languid  way  that  it  will  be  very  unsatisfactory. 

43.  Size  of  Gas  Meter.— The  numbers  usually  affixed 
to  gas  meters  indicate  the  number  of  gas  burners  consuming 
5  cubic  feet  each  per  hour,  which  the  meter  will  supply  with 
ease  and  certainty.  In  practice,  the  number  of  burners 
may  be  increased  K  double  the  number  on  the  meter. 
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Gas  meters  should  not  be  exposed  to  a  lower  temperajure 
than  40°,  nor  a  higher  temperature  than- 100°,  since  the  oiled 
leather  in  the  diaphragms  will  be  injuriously  affect^  thereby. 

Some  knowledge  of  the  internal  condition  of  a  meter  can 
be  ascertained  by  noting  the  difference  in  pressure  in  the 
supply  and  delivery  pipes.  A  water  gauge  should  be 
attached  to  each  pipe  as  close  to  the  meter  as  practicable. 
If  the  gauges  show  a  difference  greater  than  .2  inch  in  pres- 
sure, the  meter  should  be  removed  and  examined.  The 
accumulation  of  water  in  the  meter  may  cause  the  trouble, 
in  which  case  it  must  be  emptied.  Or,  the  meter  may  be 
out  of  order,  in  which  case  it  must  be  repaired. 

44.  Reading  Gas  Meteis. — Fig.  15  is  a  diagram  of  a 
meter  dial  of  the  ordinary  type.  When  the  pointers  all 
point  to  the  zero  mark  on  their  respective  dials,  the  meter 
is  said  to  be  at  zero.     If  the  meter  is  at  zero  and  a  certain 


volume  of  gas  is  allowed  to  pass  through  it,  the  number  of 
cubic  feet  of  gas  passing  through  the  meter  will  be  indicated 
on  the  dials.  If  the  meter  is  not  at  zero,  however,  the 
number  of  cubic  feet  of  gas  that  has  actually  passed  through 
during  the  time  specified  is  equal  to  the  difference  between 
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the  number  indicated  on  the  dials  before  the  gas  was  allowed 
to  flow  through  the  meter  and  that  indicated  when  the  gas 
has  flowed  through. 

The  top  dial  is  marked  two  feet,  which  means  that  when 
2  cubic  feet  of  gas  have  passed  through  the  meter  the  pointer 
of  this  dial  will  have  made  one  revolution. 

When  1,000  cubic  feet  of  gas  have  passed  through  the 
meter,  the  pointer  of  the  dial  to  the  right,  which  is  marked 
1  thousand,  will  have  made  one  complete  revolution,  and 
the  pointer  of  the  middle,  or  10  thousand,  dial  will  have 
moved  from  0  to  1.  When  the  pointer  to  the  right  has  made 
another  revolution,  the  pointer  of  the  middle  dial  will  have 
moved  from  1  to  3,  which  means  that  two  complete  revolu- 
tions of  the  pointer  to  the  right  have  been  made.  When  the 
middle  pointer  has  made  one  complete  revolution,  the  pointer 
to  the  left  will  have  moved  from  0  to  ]  on  the  100  thousand 
dial,  which  means  that  ^  oi  100,000,  or  10,000  cubic  feet, 
have  passed  through  the  meter. 

To  read  a  meter  dial  of  this  description,  first  write  down 
the  figure  that  the  pointer  has  just  passed  on  each  dial ;  then 
annex  two  ciphers  to  the  right;  the  number  so  obtained 
will  be  the  amount  of  gas  in  cubic  feet  that  the  meter  has 
measured.     The  dials  should  be  read  from  left  to  right. 

Thus,  the  pointers  on  the  diagram  indicate  that  14,200  cubic 
feetof  gas  have  passed  through  the  meter.  When  the  pointer 
to  the  left  has  made  one  complete  revolution,  the  process  of 
indicating  is  repeated.  The  pointers  all  move  from  the 
smaller  to  the  larger  figures,  just  like  the  hands  of  a  clock. 

Gas  meters  are  not  read  in  practice  to  a  smaller  amount 
than  100  cubic  feet.  By  watching  the  top  dial  it  can  be 
seen,  at  a  very  small  expenditure  of  gas,  whether  the  meter 
is  working,  by  opening  some  outlet  on  tlie  house  side  of  the 

45.  Testlnfi:  Gat*  Meters. — Meters  are  tested  by  means 
of  a  meter  prover.  This  is  principally  com|Kised  of  a  metal 
cylinder  or  gas  holder  a.  Fig.  16,  usually  capable  of  holding 
eitJier  5  or  10  cubic  feet  of  gas.     The  holder  is  open  at  the 
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bottom,  and  is  placed  inside  a  slightly  larger  cylinder  or 
tank  b,  which  is  open  at  the  top  and  nearly  filled  with  water. 
There  is  a  pipe  in  the  center  of  the  water  tank,  the  upper 
end  of  which  pipe  terminates  above  the  water  level,  the  lower 
end  connecting  to  the  pipe  c.  This  pipe  gives  an  inlet  and 
outlet  to  the  space  between  the  top  of  the  water  and  the 


under  side  of  the  top  of  the  gas  holder.  The  holder  is  free 
to  rise  up  out  of  the  water,  and  its  weight  is  partly  counter- 
balanced by  a  cord  or  chain  that  runs  over  a  wheel  set  above 
the  tank  and  that  has  a  weight  or  counterbalance  d  oi\  the 
other  end.  The  counterbalance  is  usually  such  that  a  pres- 
sure of  niore  than  1^  inches  of  water  column  under  the  tank 
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will  raise  it.  The  tank  is  guided  while  it  is  raised  by  guide 
wheels  that  are  set  at  three  points  on  its  circumference  and 
run  against  the  ^uide  posts  e,  e.  A  scale  is  attached  to  the 
outside  of  the  holder  and  shows  in  subdivisions  of  a  cubic 
foot  how  much  air  or  gas  is  required  to  fill  the  space  above 
the  water  at  any  height  the  tank  might  be  in  the  water. 
As  the  results  are  the  same  with  either  airor  gas,  air  is  gen- 
erally used  in  the  prover  for  the  sake  of  convenience.  The 
pipe  c  that  comes  from  the  inside  of  the  prover  is  provided 
with  a  valve  for  the  admission  of  air  and  with  another  valve 
leading  to  a  connection,  usually  on  the  end  of  a  rubber  hose, 
for  the  attachment  of  meters.  A  U  gauge  is  always  pro- 
vided near  the  outlet  of  this  valve,  as  shown  at  g. 

46,  The  prover  is  operated  as  follows:  A  meter  is 
connected  to  the  coupling  end  /"of  the  rubber  hose,  and  the 
cock  c  is  closed.  The  air  valve  at  h  is  then  opened  and 
the  tank  is  raised  a  little  by  pulling  down  on  the  counter- 
balance. Air  thereupon  enters  the  inside  of  the  tank 
through  the  air  valve,  which  is  closed  before  the  counter- 
balance is  released.  The  outlet  of  the  meter  is  closed 
either  by  the  hand  or  by  a  suitable  cap,  and  the  cock  admit- 
ting air  to  the  meter  is  opened.  The  gauge  will  at  once  show 
a  pressure  of  IJ  inches.  The  cock  c  is  then  closed  and  the 
pressure  gauge  observed.  If  the  gauge  remains  at  l|-inch 
pressure,  the  test  may  be  proceeded  with,  but  if  the  pres- 
sure falls,  there  is  a  leak  somewhere  in  the  connections;  this 
leak  must  be  found,  and  stopped  and  the  above  leak  test 
repeated  before  anything  else  is  done. 

All  connections  being  gas-tight,  the  cap  is  removed  from 
the  meter  outlet,  the  cock  c  is  opened,  and  air  is  allowed  to 
pass  through  the  meter  until  the  2-foot  hand  just  points 
toward  one  of  the  side  marks  on  the  2-foot  dial.  A  meter 
test  should  never  be  started  from  either  the  bottom  or  top 
mark.  When  the  hand  reaches  the  side  mark,  the  cock  c  is 
closed.  The  air  valve  is  then  opened  and  the  prover  tank  is 
raised  until  the  zero  mark  on  the  scale  is  2  or  3  inches  above 
a  pointer  that  is  set  on  the  water  tank  b  just  above  the 
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water-line.  The  air  valve  is  then  closed  and  the  prover 
tank  released.  The  prover  tank  will  come  to  rest,  supported 
by  the  air  that  has  been  drawn  inside  it,  and  the  zero  mark 
will  be  a  little  above  the  pointer.  The  air  valve  is  then 
opened  a  little  and  air  is  allowed  to  escape  until  the  zero 
mark  is  just  level  with  the  pointer.  The  air  valve  is  now 
closed  and  the  meter  cock  c  is  opened.  The  air  will  pass 
out  through  the  meter  and  the  small  hand  on  the  meter  dial 
will  at  once  begin  to  move.  The  small  hand  should  be  care- 
fully watched,  and  when  it  has  made  one  complete  revolu- 
tion and  returned  to  the  side  mark  from  which  it  started, 
the  meter  cock  c  should  be  quickly  closed. 

The  pointer  will  be  found  to  point  exactly  at  the  2-foot ' 
mark  on  the  prover  tank  scale  if  the  meter  is  exactly  right. 
If  the  pointer  points  at  a  point  on  the  scale  that  is  yirof 
3  feet  above  the  2-foot  mark,  1  per  cent,  more  air  has  gone 
through  the  meter  than  the  meter  has  registered,  and  the 
meter  is  accordingly  1  per  cent.  slow.  If  the  pointer  points 
at  a  corresponding  position  below  the  3-foot  mark,  the  meter 
has  registered  2  feet  when  only  -f^^  of  2  feet  of  air  has  left 
the  prover,  and  the  meter  is  1  per  cent.  fast.  The  sub- 
divisions  on  the  prover  scale  are  usually  arranged  so  that 
the  direct  reading  shows  the  percentage  fast  or  slow,  each 
subdivision  being  equal  to  1  per  cent. ;  hence,  no  calculating 
is  necessary.  On  large  meters  the  small  hand  may  register 
6  or  even  10  cubic  feet  at  one  revolution,  and  a  proper 
subdivision  for  directly  reading  a  5-foot  and  10-foot  test  will 
usually  be  found  on  the  prover  scale. 

47.  The  test  described  in  the  preceding  article  is  called 
the  open  test,  because  the  meter  has  been  open,  or  rather, 
blowing  with  a  full  opening,  to  the  atmosphere.  After  the 
open  test  has  been  made,  the  same  process  should  be  repeated' 
with  a  cap,  in  which  a  small  hole  has  been  drilled,  placed  on 
the  outlet  of  the  meter.  The  hole  in  this  cap  should  be  of 
such  a  size  that  the  number  of  feet  of  gas  passed  per  hour 
will  be  equal  to  six  times  the  number  of  burners  the  meter  is 
rated  for.  Thus,  a  3-light  meter  cap  has  a  hole  large  enough 
83— 7 
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to  pass  about  18  cubic  feet  per  hour.  This  test  is  for  the  pur- 
pose  of  placing  the  meter  more  nearly  under  the  conditions 
of  average  use;  it  is  called  the  slow  test.  The  slow  and  open 
tests  should  agree  within  2  per  cent,,  and  if  they  do  not, 
there  is  something  wrong  with  the  meter  and  it  should  be 
opened  and  repaired.  The  slow  test  should  be  taken  as  the 
correct  test  of  the  meter.  Suitable  caps  are  always  pro- 
vided by  the  manufacturers  of  meter  provers.  In  proving 
meters,  it  is  necessary  to  have  the  temperature  of  the  air  in 
the  room  and  of  the  water  in  the  prover  tank  as  nearly  the 
same  as  possible,  and  two  thermometers  should  be  provided 
for  observing  this. 

As  each  difference  of  5°  will  make  a  difference  of  about 
1  per  cent,  between  the  reg^istration  of  the  meter  and  that 
of  the  prover,  the  necessity  of  an  even  temperature  may  be 
readily  seen.  The  water  in  the  prover  tank  may  be  readily 
brought  to  the  temperature  of  the  air  in  the  room  by  adding 
cold  water  if  it  is  too  hot  and  hot  water  if  it  is  too  cold. 
Meters,  for  the  reason  above  stated,  should  be  allowed  to 
remain  in  the  proving  room  for  some  time  before  being 
tested,  and  if  they  have  been  brought  in  from  outdoors  on 
very  cold  or  very  hot  days,  several  hours  should  be  allowed 
to  elapse  before  proving  them.  If  the  meter,  the  air  in  the 
room,  and  the  water  in  the  prover  are  all  at  the  same  tem- 
perature, it  makes  no  practical  difference  what  that  tempera- 
ture may  be.  In  many  shops  it  is  considered  better  to  allow 
the  2-foot  hand  on  the  meter  to  make  two  revolutions  instead 
ot  one  during  a  test.  In  this  case  each  division  on  the  prover 
scale  that  would  be  1  per  cent,  in  a  single  revolution  will  be 
^  per  cent. 

48.  When  very  large  meters  are  to  be  proved,  the  test 
dial  frequently  requires  more  air  for  one  complete  revolution 
than  the  capacity  of  ihe  prover  wiH  allow.  In  this  case  the 
prover  must  be  filled  twice  or  more.  Supposing  a  meter, 
the  test  dial  of  which  registers  20  cubic  feet,  is  to  be  tested 
on  a  10-foot  prover.  The  prover  is  set  at  zero  and  the  test 
tiand  at  one  of  the  side  marks,  and  exactly  10  cubic  feet  by 
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the  prover  scale  is  allowed  to  pass  to  the  meter.  No  atten- 
tion being  given  to  the  position  of  the  dial  hand  when  it 
stops,  the  prover  is  refilled  with  air  and  brought  to  zero 
again  and  once  more  allowed  to  descend.  This  time  the 
hand  on  the  meter  is  watched,  and  when  it  gets  around  to 
the  point  from  which  it  started,  the  meter  cock  is  again 
shut  and  the  reading  on  the  scale  taken.  In  this  case  it  will 
be  readily  seen  that  each  difference  of  ^  foot  above  or  below 
the  10-foot  mark  amounts  to  1  per  cent,  slow  or  fast,  as  the 
case  may  be. 

40.  Accuracy  of  Oas  Meters.— Meters  that  are  within 
2  per  cent,  of  being  correct  are  regarded  as  right,  whether 
fast  or  slow,  this  being  the  range  generally  allowed  by  law 
in  places  where  laws  governing  the  registration  of  meters 
exist.  Notwithstanding  the  prejudice  of  the  public  to  the 
contrary,  the  tendency  of  all  meters  is  to  run  slow  rather 
than  fast.  Indeed,  every  dry  meter,  if  left  in  use  long 
enough,  will  run  slow,  as  sooner  or  later  the  leather  dia- 
phragms begin  to  rot  and  small  holes  appear  that  allow  gas 
to  pass  without  registering,  and  these  holes  grow  larger  and 
larger  until  the  meter  ceases  to  register  any  of  the  gas  that 
passes  through  it.  For  this  reason  it  is  good  practice  for  gas 
companies  to  make  a  routine  test  of  some  of  the  meters  in 
use  in  any  district  each  year,  so  that  every  meter  will  be 
tested  once  in  3  or  4  years. 

The  life  of  the  diaphragms  may  be  very  much  prolonged 
if  the  meters  are  opened  up  and  the  diaphragms  oiled  with 
neatsfoot  oil. 


D.qit.zeaOvGoOt^lc 


D.qil.zMBlG001^le 


GAS  SUPPLY  AND  DISTRIBUTION 

(PART  3) 

GAS  DISTBIBIJTION 

BEGUIiATIKO   FIAiW   OF  OAS 


INTBODUCmON 

1.  The  pressure  in  gas  mains  and  services  is  mainly 
artificial,  being  created  by  the  weight  of  the  holders  in 
which  the  gas  is  stored  at  the  works.  This  pressure  is 
regulated  by  a  governor  at  the  works  to  a  day  pressure  of 
about  a  inches,  as  the  ranges  and  other  fuel  appliances  in 
use  work  best  at  about  this  pressure.  At  night,  when  there 
is  a  very  heavy  consumption  of  gas,  it  is  frequently  neces- 
sary to  increase  the  pressure  at  the  works  to  4  or  5  inches 
in  order  to  deliver  gas  with  sufficient  pressure  to  the  con- 
sumers at  the  far  ends  of  the  mains.  On  this  account  the 
consumers  near  the  works  have  more  pressure  than  is 
necessary,  which  is  very  undesirable.  Here  it  may  be 
mentioned  that  any  increase  in  gas  pressure  means  an 
increase  in  the  leakage  of  gas  mains,  and  for  this  reason, 
contrary  to  the  usual  belief,  gas  companies  rarely  carry 
more  than  just  enough  pressure  to  supply  the  more  distant 
points  of  their  main  system  properly. 

A  burner  that  is  designed  to  consume,  say,  6  cubic  feet 
of  gasper  hour,  will  work  most  efficiently  when  it  is  supplied 
with  just  that  quantity — neither  more  nor  less.  If  only 
4  cubic  feet  are  supplied,  the  flame  will  be  dull  and  smoky, 

For  DOtice  of  eopyrlRht,  see  page  immediately  following  the  title  page. 
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and  the  amount  of  light  will  be  considerably  less  than  that 
normally  produced  by  a  4-foot  burner  using  the  same  gas.  If 
6  cubic  feet  be  forced  through  the  burner,  the  flame  will  flare 
and  jump,  and  the  light  given  off  will  be  less  than  that  pro- 
duced by  the  same  amount  of  gas  going  through  a  6-foot 
burner. 

If  the  volume  of  gas  passed  through  a  burner  consider- 
ably exceeds  the  amount  it  was  designed  to  burn,  some  of 
the  excess  will  pass  through  without  being  burned,  and  will 
vitiate  the  air  of  the  room  in  which  it  is  used. 

2t  The  pressure  that  should  be  given  to  the  gas  at  the 
burners,  in  order  to  secure  the  best  results,  varies  greatly  in 
different  forms  of  apparatus.  The  following  are  the  pressures 
generally  used:  Argand  burners,  .%  inch  of  water;  common 
batswing  burners,  .6  inch  of  water;  Welsbach  incandescent 
burners,  1  inch  or  more;  Wenham  and  Lebrun  lamps,  .5  to 
1  inch  or  more;  atmospheric  burners,  1  inch  or  more. 

For  the  sake  of  economy  it  is  important  that  both  the  vol- 
ume and  pressure  at  the  burners  should  be  closely  regulated. 
The  amount  of  gas  wasted  by  overpressure  is  much  greater 
than  generally  known.  A  good  new  lava  tip  burner  con- 
suming fi  cubic  feet  per,  hour  at  ,5  inch  pressure  will  con- 
sume about  .5  cubic  foot  more  for  each  increase  of  .1  inch 
in  the  pressure.  Thus,  an  overpressure  of  .1  inch  will 
increase  the  gas  bill  about  10  per  cent. 

The  variation  in  the  gas  pressure  in  the  mains,  even  in 
fhe  best  regulated  systems,  is  usually  much  greater  than 
.1  inch,  frequently  being  1  inch  and  more. 

3>  The  pressure  of  gas  is  regulated  by  a  device  known 
as  a  gas-pressure  regulator  and  also  as  a  gas  governor. 
The  objects  sought  in  the  use  of  pressure  regulators  or 
governors  are  (1)  economy  in  the  consumption  of  gas,  and 
(3)  steadiness  of  the  lights  and  the  most  effective  operation 
of  the  burners. 

There  are  two  systems  of  gas  regulation  now  in  use,  called, 
respectively,  the  pressure  regulation  and  the  volumetric  regu- 
lation systems.     In  the  first  system,  a  governor  is  attached 
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to  the  service  pipe  at  the  meter,  and  the  house  distributing 
pipes  contain  gas  at  a  constant  pressure;  in  the  second  sys- 
tem, each  burner  is  supplied  with  a  governor,  and  the  pres- 
sure in  the  house  pipes  is  not  controlled,  being  about  the  same 
as  in  the  mains.  

FBESBURB  KBGULATION  STSTEM 

4.  For  the  successful  working  of  the  pressure  regula- 
tion system  it  is  necessary  that  the  house  pipes  be  of  such 
size  as  to  permit  an  adequate  supply  to  all  burners  without 
loss  in  pressure  between  the  burner  and  the  governor. 
Where  the  piping  system  is  very  extended,  or  the  pipes 
are  small,  the  governor  should  be  adjusted  to  the  minimum 
pressure  of  the  gas  in  the  street  mains,  and  either  volu- 
metric burners  or  suitable  check-burners  applied.  A  clieck- 
biimer  is  a  gas  burner  supplied  with  a  suitable  device  for 
regulating  the  size  of  opening  through  which  the  gas  flows 
to  the  tip.  Ordinary  burners  can  be  converted  into  check- 
burners  by  stufling  cotton  into  the  pillar,  and  where  gas 
that  has  been  properly  scrubbed  and  purified  is  used,  this 
form  of  check  is  fairly  satisfactory,  but  the  cotton  must  be 
put  in  with  good  judgment  so  that  the  proper  sized  flame 
for  the  tip  is  developed.  It  must  be  noted  that  the  differ- 
ence in  specific  gravity  of  coal  gas  and  water  gas  makes  an 
appreciable  difference  in  the  amount  of  gas  that  will  flow 
through  a  given  burner  under  the  same  pressure.  As  coal 
gas  is  much  the  lighter,  it  will  require  a  smaller  check- 
opening  than  water  gas.  Where  Welsbach  lights  and  fuel 
appliances  are  to  be  used  on  the  same  system  of  piping  as 
open  burners,  the  governor  on  the  service  pipe  should  be 
adjusted  to  the  minimum  street  pressure,  usually  about 
%  inches,  and  check-burners  should  then  be  applied  to  the 
open  lights.  Both  Welsbach  lights  and  fuel  appliances  give 
best  results  under  high  pressure.  Thus,  a  Welsbach  lamp 
adjusted  to  burn  3^  feet  per  hour  at  a  pressure  of  %  inches 
will  give  considerably  more  light  than  the  same  lamp 
adjusted  to  burn  the  same  amount  of  gas  at  a  pressure  of 
1  inch.    In  very  high  buildings  the  pressure  on  the  top  floors 
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will  be  much  higher  than  on  the  lower  floors.     In  this  case 
it  is  necessary  to  install  a  separate  governor  for  each  floor. 

5.  The  ordinary  practice  is  to  put  the  governor  on  the 
house  side  of  the  meter.  This  is  the  proper  place  for  the 
governor  in  most  cases,  as  the  governor  will  respond  more 
quickly  with  an  increase  or  decrease  of  volume  when  lights 
are  turned  on  or  off,  and  it  also  has  a  tendency  to  cushion 
any  slight  jumping  motion  to  the  gas  that  the  meter  may 
give  if  it  works  a  little  stiff.  There  is  a  use,  however,  for  a 
pressure  regulator  on  the  service  pipe  that  may  be  of  impor- 
tance in  some  situations.  Thus,  where  services  are  tapped 
into  mains  used  for  pumping  gas  from  one  point  to  another 
and  where  accordingly  very  high  pressures  are  used,  a  gov- 
ernor of  the  diaphragm  type  should  be  placed  in  the  service 
pipe  in  order  to  reduce  the  pressure  at  the  meter  to  a 
reasonable  amount. 


■VOLUMETRIC   REGULATION   STSTEH 

6,  The  system  of  volumetrlo  regulation  is  free  from 
all  the  difficulties  experienced  with  the  pressure  regulation 
system.  No  governors  are  required  on  the  house  pipe  or 
service  pipe;  the  pressure  in  the  house  pipes  is  about  the 
same  as  in  the  street  main,  and  it  may  fluctuate  to  any 
extent,  provided  that  it  never  falls  too  low  to  supply  enough 
gas.  Under  this  system  every  burner  has  its  own  governor, 
and,  if  the  regulators  are  properly  adjusted,  each  burner  will 
have  the  proper  amount  of  gas  at  just  the  right  pressure  to 
enable  it  to  produce  light  in  the  most  economical  manner. 
While  the  system  of  pressure  regulation  is  far  more  econom- 
ical than  the  use  of  check-burners  without  other  regulation, 
yet  it  cannot  regulate  the  pressure  and  volume  with  the 
nicety  required  for  really  successful  lighting,  and  given  by 
a  properly  adjusted  volumetric  regulation  system.  In  order 
to  make  the  volumetric  system  more  efficient  than  the  use 
of  governors  with  proper  check-burners,  it  is  necessary  to 
adjust  the  volume  supplied  to  each  individual  tip  with  the 
utmost  care,  so  that  just  the  proper  amount  of  gas  is  burned. 
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As  tips  frequently  become  more  or  less  clogged  with  an  accu- 
mulation of  dust  or  carbon  in  a  short  time,  the  adjustment 
is  usually  far  from  perfect,  and  it  will  then  be  found  in 
actual  practice  that  the  use  of  check-burners  with  a  gov- 
ernor will  give  almost  as  good  results.  This  shows  the  impor- 
tance of  proper  periodic  adjustment  in  order  to  realize  the 
inherent  benefit  of  a  volumetric  regulation  system. 


CONSTRUCTION  OF  QAS  PRESSURE  REGULATORS 

7.  Pressure  regulators  for  gas  are  designed  to  receive 
gas  at  a  high  and  variable  pressure,  and  to  deliver  it  at  a 
lower  but  steady  pressure.  In 
principle,  they  belong  to  the 
general  class  of  devices  known 
as  automatic  reducing  valves. 

A  regulator  suitable  for 
large  pipes  or  mains  is  shown 
in  Fig.  1.  It  consists  of 
hollow  cylinder  or  drum  d  that 
floats  in  water  within  the 
tank  b.  The  drum  is  guided 
by  means  of  a  rod  c  at  the  top . 
and  rollers  d,  t/at  the  bottom. 
The  gas  is  brought  in  through 
the  pipe  e  and  is  discharged 
at/  The  passage  of  the  gas 
is  controlled  by  the  valve  g. 
which  is  attached  by  a  chain 
to  the  top  of  the  drum  a.  A 
very  slight  increase  in  the 
pressure  of  the  gas  within  the 
drum  and  pipe  f  will  cause 
the  drum  to  lift  and  reduce 
the  opening  between  the 
valve  g  and  its  seat,  thus 
checking   the   inflow    of    gas.  ""■  ^ 

Similarly,  if  the  pressure  should  fall,  the  drum  would  sink 
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and  increase  the  opening  of  the  valve  until  the  pressure  in 
the  delivery  pipe  rose  to  the  point  for  which  the  regulator 
was  adjusted.  The  pressure  in  the  delivery  pipe  may  be 
determined  by  increasing  or  diminishing  the  weights  at  «. 

The  pressure  in  the  delivery  pipe  is  not  exactly  constant 
with  this  regulator;  but,  the  variation  is  confined  within 
such  narrow  limits  that  the  purpose  of  regulation  is  accom- 
plished with  sufficient  accuracy  for  all  ordinary  purposes. 

Small  regulators  for  domestic  use  are  constructed  on  the 
same  principle  as  the  regulator  jiist  described.  Water  is 
unsuitable  for  small  regulators  because  it  evaporates  so  easily. 
In  many  instances  glycerine  is  used  in  place  of  water,  since 
it  will  not  evaporate  at  any  ordinary  temperature.  Mercury 
is  also  used  with  complete  success. 

8.  In  another  type  of  gas  pressure  regulator  the  float- 
ing drum  is  replaced  by  a  flexible  diaphragm  a,  as  shown  in 
Fig.  2.  This  diaphragm 
rises  and  falls  with  the  varia- 
tions in  pressure  in  the  deliv- 
ery pipe,  and  operates  the 
valve  b  in  the  same  manner 
as  the  floating  drum  in  Fig.  1. 
This  kind  of  regulator  is 
called  a  dry  governor,  and 
such  governors  are  used  on 
the  gas  pipes  within  the 
house.  Both  types  of  governors  illustrated  are  also  made 
of  sufficiently  small  dimensions  to  control  single  gas  burners, 
and  are  frequently  united  with  them  in  the  same  structure. 


CONSTHUCTIOM    OF  VOLITMETIUC  KEQUI.ATORa 

9.  A  very  successful  burner  containing  a  wet  volu- 
metric governor  is  shown  in  Fig.  3.  The  gas  passes 
upwards  through  the  valve  seat  a  into  the  interior  of  an 
inverted  cup  b,  which  floats  in  glycerine  d,  contained   in 
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the  lower  part  of  the  shell  c.  It  esicapes  from  the  floating 
cup  through  two  small  holes,  which  are  made  of  a  size 
that  will  pass  the  desired  quantity  of 
gas  that  the  burner  is  intended  to 
consume  per  hour,  at  a  pressure  of 
.5  inch  of  water.  If  the  pressure 
within  the  cup  exceeds  that  amount, 
'  the  cup  will  rise  and  partially  close 
the  valve.  It  thus  maintains  the 
pressure  at  the  tip  very  close  to 
.6  inch  at  all  times,  and  insures  a 
steady  rate  of  consumption,  although 
the  pressure  in  the  pipes  may  fiuctiiate 
through  30  inches  or  more. 

10.     One    of    the    most    improved 
forms  of  dry  volumetric  governors 

for  single    gas   burners    is    shown    in  •'"'  ' 

Fig.  4.  The  flow  of  gas  to  the  burner  tip  is  controlled  by  a 
tubular  valve  a,  which  closes  against  a  seat  b,  and  which  is 
attached  to  a  very  light  disk  d.  This  disk  moves  up  and 
down  freely,  like  a  piston,  in  the 
cylindrical  chambers,  being 
guided  also  by  the  central  post. 
Gas  is  admitted  freely  to  the 
under  side  of  the  disk,  and  a  cer- 
tain quantity  is  permitted  to  pass 
around  to  the  upper  side  through 
the  hole  e.  The  volume  of  gas 
passing  through  this  hole  may  be 
changed  by  means  of  the  regula- 
ting screw  /  The  weight  of  the 
disk  and  valve  is  made  such  that 
it  will  require  a  certain  excess  of 
pressure  on  its  under  side,  say 
^°-  *  \  inch,  to  lift  it.     When  it  begins 

to  rise,  there  is  nothing  to  stop  its  upward  movement  or 
to  prevent  the  valve  a  from  closing  the  outlet,  except  the 
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circumstance  that  as  the  outlet  becomes  choked,  the 
pressure  above  the  disk  increases  until  it  approximates 
or  equals  the  pressure  below  it.  The  excess  of  pressure  on 
its  under  side  is  thus  diminished  and  is  no  longer  sufficient 
to  hold  it  up;  consequently,  it  will  gradually  drop  and 
increase  the  outlet  opening  until  the  pressure  above  the 
disk  becomes  ^  inch  less  than  that  below  it.  Thus,  the 
pressure  of  the  gas  escaping  past  the  valve  to  the  burner 
will  always  equal  the  difference  in  pressure  on  the  upper 
and  lower  sides  of  the  disk,  in  this  case  about  .fi  inch;  and 
the  volume  will  depend  on  the  size  of  the  orifice  as  deter- 
mined by  the  screw/.  By  adjusting  this  screw,  the  gov- 
ernor can  be  arranged  to  deliver  gas  in  any  volume  within 
its  scope. 

11.  It  should  be  observed  that  there  is  a  radical  differ- 
ence in  the  effect  produced  by  the  two  classes  of  governors 
described.  The  governors  shown  in  Figs.  1  and  2  operate 
only  to  regulate  the  pressure  in  the  delivery  pipes;  they  do 
not  limit  or  control  the  volume  of  the  gas  passing  through. 
They  will  pass  enough  gas  to  maintain  the  pressure,  no 
matter  whether  the  amount  be  10  feet  per  hour  or  1,000  feet 
per  hour. 

The  governors  shown  in  Figs.  3  and  4  not  only  control  the 
pressure  of  the  gas  that  is  delivered  to  the  burner,  but  they 
determine  the  volume,  also,  with  great  exactness.  The  gas 
is  compelled  in  each  case  to  pass  through  fixed  orifices, 
which  wilt,  of  course,  pass  only  a  certain  volume  per  hour 
at  the  pressure  for  which  they  are  adjusted.  Any  attempt 
to  increase  or  diminish  the  volume  passing  instantly  changes 
the  internal  pressure  and  causes  the  regulating  valve  to 
move. 
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PIPING  BUILDINGS 


ENTBODUCnON 


13.  The  capacity  of  each  pipe  must  be  great  enough  to 
supply  all  the  burners  that  receive  gas  through  it,  when 
every  burner  is  in  full  operation.  Allowance  must  also  be 
made  for  all  heating  and  cooking  apparatus,  not  only  for 
that  which  is  decided  on,  but  for  all  that  is  liable  to  be 
required. 

Service  pipes  should  never  be  less  than  f  inch  in  diam- 
eter, because  of  the  liability  to  chokage,  and  it  is  advisable 
to  make  the  diameter  at  least  1  inch  if  the  pipe  is  of  iron. 
For  small  cook  stoves,  the  supply  pipe  should  be  at  least 
J  inch  in  diameter,  and  larger  stoves  should  have  pipes  from 
1  inch  to  1}  inches  in  diameter. 

The  quantity  of  gas  burned  by  gas  burners  varies  not 
only  with  their  construction  but  also  with  their  condition, 
and  may  be  as  low  as  2^  cubic  feet  per  hour  and  as  high 
as  7  cubic  feet,  or  more.  Nothing  short  of  an  actual  test 
will  give  the  amount  of  gas  really  burned  per  hour.  In 
installing  a  gas-lighting  system,  it  is  obviously  necessary 
to  compute  the  required  size  of  the  piping  on  the  assump- 
tion that  each  burner  consumes  a  certain  number  of 
cubic  feet  of  gas  per  hour.  Practical  experience  has 
shown  that  the  average  consumption  of  various  gas  burn- 
ers is  about  5  cubic  feet,  and  hence  it  is  customary  to 
install  piping  systems  in  accordance  with  the  assumption 
that  each  burner  consumes  5  cubic  feet  of  gas  per  hour, 
unless  the  specifications  under  which  the  work  is  done 
specify  otherwise. 
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TABLE   I 

CAPACITY   OF   GAS   PIPB9 


Diameter 
of  Pipe 

Length 

Capacity  Per  Hour 
Cubic  Feet 

Number 
of  Burners 

Feet 

Acetylene 
Gas 

Inches 

Coal  Gas 

Gasoline  Gas 

i 

6 

10 

i 

20 

4 

1 

20 

15 

10 

1 

40 

7 

i 

3° 

30 

20 

i 

6o 

15 

J 

SO 

100 

75 

1 

70 
ISO 

'75 

"S 

50 
80 

rj- 

loo 

300 

200 

ri 

250 

ISO 

It 

150 

500 

350 

2 

200 

1,000 

700 

2i 

300 

».5oo 

1,100 

3 

45  0 

2,250 

i>Soo 

4 

600 

3>75o 

2,500 

Having  ascertained  the  probable  maximum  quantity  of  gas 
required  in  cubic  feet  per  hour,  the  necessary  nominal  diam- 
eter of  the  pipe  can  be  found  from  Table  I.  If  the  length  of 
the  proposed  pipe  exceeds  the  maximum  length  given  in  the 
table,  then  the  diameter  chosen  should  be  the  next  size  larger. 
If  the  pressure  of  gas  exceeds  2  inches  of  water,  the  prin- 
cipal pipes  may  be  reduced  in  diameter  one  size.  If  the 
pressure  is  less  than  1  inch  of  water,  then  all  the  pipes  must 
be  made  one  size  larger,  and  in  case  of  very  long  pipes,  the 
diameter  will  require  to  be  increased  still  more. 
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When  carbureted  air,  which  usually  is  gasoline  gas,  is  used, 
no  distributing  pipe  should  be  less  than  |  inch  in  diameter. 
For  acetylene  gas  no  distributing  pipe  smaller  than  J  inch 
should  ever  be  used. 

Some  gas  companies  issue  rules  governing  the  installation 
of  piping  systems  in  buildings  supplied  nith  gas  by  them. 
Wherever  this  is  the  case,  the  installation  should  conform 
with  the  prescribed  rules,  copies  of  which  can  generally  be 
had  free  on  application  at  the  ofBce  of  the  company  issuing 
them. 

The  pressure  of  the  gas  is  assumed  in  the  foregoing  table 
to  be  about  2  inches  of  water  column.  It  should  be  under- 
stood that  the  quantities  given  are  those  that  the  pipes 
will  deliver  at  the  burners  without  objectionable  fall  of 
pressure. 

The  use  of  the  table  is  shown  by  the  following  example; 

ExAUPLB. — What  diameter  of  pipe  should  be  used  to  supply  three 
ordinary  coal-gas  burners,  the  length  being  60  feet  ? 

Solution.— The  quantity  consumed  will  be  3  x  B  =  15  cu,  ft.  per 
hour.  The  table  shows  that  |-inch  pipe  can  be  depended  on  to  deliver 
that  quantity  of  gas  at  a  distance  of  20  ft.  only :  therefore,  it  will  not 
serve  properly  to  carry  60  ft.  The  f-inch  pipe  is  evidently  too  large; 
therefore,  the  intermediate  size — (-inch  in  diameter — may  be  used. 


PIPE    FITTING 

13.  The  methods  of  cutting,  bending,  threading,  and 
jointing  gas  pipes  within  buildings  are  exactly  the  same  as 
those  employed  in  installing  wrought-iron  and  steel  pipe  sys- 
tems for  plumbing  and  heating  purposes.  It  should  be  borne 
in  mind,  however,  that  the  tightness  of  all  screw  joints 
should  depend  on  the  perfection  of  the  screw  threads,  and  not 
on  any  red  lead  or  cement  that  may  be  used  in  closing  the 
joints.  Therefore,  all  threading  tools  should  be  kept  sharp, 
and  in  strictly  good  order  at  all  times. 

In  cutting  threads  at  the  pipe  vise,  the  pipe  should  not  pro- 
ject any  f^rth^r  than  is  necessary  to  give  elbow  room  whil? 
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working  the  dies,  because  the  farther  away  the  dies  are  from 
the  vise,  the  greater  is  the  torsional  stress  upon  the  pipe, 
and  the  more  liable  it  is  to  be  strained  or  split  in  the  butt- 
welded  joint. 

It  is  customary  to  cut  and  thread  all  the  pipes  required  for 
an  ordinary  building  on  thepremises  where  they  are  used,  and 
to  do  the  work  exclusively  with  hand  tools.  On  large  jobs, 
however,  where  the  gas  pipes  are  larger  than  1  inch,  a  great 
saving  in  labor  and  time  can  be  effected  by  cutting  and 
threading  the  large  pipes  with  suitable  power-driven 
machines  in  the  shop,  cutting  and  threading  only  the 
smaller  pipes  and  doing  the  special  fitting  on  the  premises 
where  the  gas-lighting  system  is  being  installed.  If  the 
working  plans  are  made  with  reasonable  accuracy,  there 
will  be  no  difficulty  in  preparing  the  pipes  and  fittings  at  the 
shop,  so  that  they  may  be  put  into  their  places  in  the  build- 
ing and  screwed  together  with  entire  success. 

In  screwing  pipes  together,  or  into  fittings,  the  pipe 
should  be  gripped  as  close  to  the  fitting  as  practicable 
so  as  to  prevent  the  pipe  from  being  split  by  twisting. 

After  pipes  are  cut  and  threaded,  each  piece  should  be 
carefully  inspected  to  see  whether  it  is  free  from  cracks  or 
splits,  and  to  see  whether  its  length  conforms  to  the 
drawing. 


DRAINAGE   OF  PIPES 

14t  Illuminating  gas  nearly  always  contains  a  small  per- 
centage of  watery  vapor,  and  this  condenses  on  the  interior 
of  the  pipe.  The  condensed  water  will  flow  to  the  lowest 
point  in  the  pipe,  and  if  no  provision  is  made  for  its 
removal,  it  will  accumulate  to  such  an  extent  as  to  close  the 
passage  and  stop  the  flow  of  gas.  Therefore,  all  horizontal 
pipes,  unless  very  short,  must  be  so  inclined  that  they  will 
drain  properly.  All  the  branches  of  a  riser  must  be 
inclined  to  drain  back  into  it,  or,  if  the  branch  be  very 
long,  it  may  be  inclined  so  as  to  drain  into  a  drip  cup  at 
some   intermediate   point.     Usually  the   whole   system  of 
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house  pipes  is  arranged  to  drain  back  into  a  drip  cup  at  the 
meter. 

Drip  cups  must  always  be  located  at  some  point  where 
they  can  be  got  at  and  emptied  without  difficulty.  It  is 
considered  good  practice  to  place  a  plugged  T  at  the  base  of 
a  riser  at  th?  cellar  ceiling  instead  of  a  90°  elbow.  Should 
the  riser  sag  and  make  a  trap  at  the  base,  or  should  rust 
fall  down  the  riser  and  choke  the  base,  it  can  easily  be 
cleared  after  unscrewing  the  plug. 

Gas  pipes  composed  of  lead  or  other  soft  metals  should 
not  be  used  in  ordinary  buildings.  If  such  gas  pipes  are 
specified  for  special  work,  ,they  must  be  protected  against 
sagging  by  running  them  on  a  ledge  or  shelf.  Every  sag 
operates  as  a  pocket  to  collect  water,  and  if  the  depression 
of  one  of  the  sags  equals  the  diameter  of  the  pipe,  the 
accumulation  of  water  will  eventually  choke  the  pipe  and 
stop  the  flow  of  gas. 


INSTAXIiENG   THE   PIPING 


OAS^FITTBRS'  PLANS 

16.  The  location  of  gas  fixtures  is  generally  indicated  on 
the  architect's  plans  by  a  star,  thus  *,  and  the  number  of 
burners  on  each  fixture,  together  with  the  height  of  the  fix- 
ture above  the  floor,  is  stated  in  the  specifications. 

To  facilitate  the  work  of  running  the  pipes  and  of 
estimating  their  proper  sizes,  the  gas-fitter  should  make 
plans  of  the  piping  on  each  floor.  An  outline  tracing 
should  be  made  of  each  floor  of  the  building  from  the 
architect's  plans.  On  these  should  be  noted  the  position  of 
each  fixture  and  its  height  from  the  floor,  and  the  number 
of  burners  required  for  each  one. 

The  number  of  burners  and  the  kind  of  fixture  may  be 
conveniently  indicated  by  the  symbols  shown  in  Fig.  5, 
where  A,  B,  and  C  represent  side  lights  or  brackets  having 
1,  3,  and  3  lights,  respectively,  each  large  dot  representing 
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one  burner.  In  a  similar  manner,  D,  E,  F,  G,  H,  and  / 
represent  drop  lights  having  1,  2,  3,  4,  6,  and  6  burners, 
respectively. 

The  horizontal  piping  should  be  indicated  by  plain  black 
lines,  and  each  floor  plan  should  show  only  those  pipes  that 


a 


+      -i^      * 


are  to  be  actually  run  in  the  floor  of  that  story  or  on  the 
under  side  of  it. 

The  points  at  which  risers  or  drop  pipes  are  to  be  con- 
nected to  the  horizontal  pipes  may  be  indicated  as  shown 


X  »-»'® 


4- 


'<-»^  FIO.  ■ 

in  Fig.   6.     Thus,  an    x   at  /  imlicat(.-s  that   a  drop   pipe 
descends  from   that  point,  and   a.  Q  aX  k  indicates  that  a 
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riser  ascends  from  that  point.  A  O  ^^^  X  combined,  as  at/, 
indicate  that  the  vertical  pipe  extends  both  above  and 
below.  At  w  is  indicated  a  drop  pipe  leading  to  a  bracket 
or  side  light  having  two  burners. 

The  length  of  each  pipe  should  be  figured  from  center  to 
center  of  fittings,  and  the  diameter  should  be  written  close 
to  the  figures  indicating  the  length.  Thus,  the  pipe 
between  /  and  k  is  shown  to  be  1|  inches  in  diameter  and 
6  feet  3  inches  between  centers  of  fittings. 

The  length  of  each  riser  or  drop  pipe  should  be  similarly 
indicated  by  figures  placed  near  the  symbol,  and  connected 
to  it  by  a  light  line;  thus,  at_;'  we  have  a  drop  pipe  ^  inch 
in  diameter,  descending  4  feet  6  inches  to  center  of  fitting; 
at  k  we  have  a  riser  }  inch  in  diameter,  ascending  8  feet 
a  inches;  at  /we  have  a  riser  1^  inches  in  diameter,  ascend- 
ing 3  feet  i  inches,  and  a  drop  pipe  1  inch  in  diameter, 
descending  8  feet  2  inches. 

In  order  to  show  which  figures  belong  to  the  drop  pipe 
at  /,  it  is  necessary  to  place  an  x  before  them,  as  shown. 
Where  figures  are  crowded,  it  is  advisable  to  draw  a  Q 
around  the  figures  indicating  diameters  of  pipes,  in  order  to 
clearly  distinguish  them  from  all  others. 

If  any  of  the  vertical  pipes  require  to  be  offset  or  bent  to 
pass  around  obstructions,  etc.,  or  a  horizontal  pipe  requires 
to  be  run  along  a  wall  at  a  height  between  the  floor  and  the 
ceiling,  a  reference  letter  should  be  placed  conspicuously  at 
that  point,  and  a  corresponding  note  made  on  the  margin  of 
the  drawing.  A  diagram  of  the  special  pipe  required  should 
be  made  and  attached  to  the  drawing. 

Gas-fitters'  plans  are  sometimes  made  in  perspective;  but 
if  the  work  is  at  all  complicated,  the  drawing  is  likely  to  be 
very  confusing,  especially  if  the  draftsman  is  a  little 
unskilful. 

The  plan  recommended  above  has  the  advantage  that 
several  sets  of  piping  for  various  purposes  may  be  indicated 
on  the  same  drawing.  Thus,  pipes  for  gas,  steam,  and 
water,  and  tubing  for  electric  wires,  may  be  shown  by  using 
differently  colored  inks  for  the  various  systems  of  pipe. 
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16.  Fig.  7  shows  the  first-floor  plan  of  a  common  two- 
story  and  basement  dwelling  house.  The  second-story  plan 
is  shown  in  Fig.  8.  These  figures  are  supposed  to  represent 
tracings  from  the  architect's  drawings,  with  the  gas  piping 
drawn  in. 

The  meter  a  is  placed  in  the  basement,  and  all  the  piping 
shown  on  this  plan  is  run  along  or  under  the  basement  ceil- 
ing, except  d,  which  is  a  |-inch  horizontal  branch  to  supply 
the  lavatory  bracket  from  a  ^-'nch  riser  c,  run  from  the 
basement  to  the  brackets  on  the  stair  landing  above.  A 
distributing  main  <^  runs  directly  from  the  meter  outlet  to 
the  riser  e,  and  all  the  branches  that  supply  gas  to  the 
brackets  of  the  first  floor,  also  the  basement  lights,  are 
taken  from  this  pipe. 

The  chandeliers  or  pendants  that  illuminate  this  floor  are 
supplied  with  gas  from  the  pipes  shown  in  Fig.  8.  These 
pipes  run  under  the  floors  and  across  or  between  the  joists. 
They  also  supply  all  brackets  that  illuminate  the  second 
floor. 

The  pipes  are  all  proportioned  to  give  an  abundant  supply 
of  gas  to  the  entire  building  when  all  the  jets  are  burning  at 
the  same  time.  They  are  also  all  laid  to  pitch  back  toward 
the  meter,  where  a  drip  cup  may  be  placed.  The  piping  in 
Fig.  8  is  so  arranged  that  no  floor  joists  will  be  cut  at  a 
greater  distance  than  2  feet  from  a  point  of  support.  The 
joists  all  run  from  front  to  rear  of  the  building. 

There  are  many  other  ways  of  running  the  pipes  for  this 
work,  but  the  drawings  show  a  method  probably  as  good 
as  any. 

17.  If  the  location  of  the  pipes  is  not  shown  by  the 
architect,  then  the  gas-fitter  must  use  his  own  judgment 
in  determining  their  position.  He  should  be  governed 
by  the  following  considerations:  (1)  The  pipes  should  run 
to  the  fixtures  in  the  most  direct  manner  practicable; 
(2)  The  pipes  must  be  graded  to  secure  proper  drainage 
without  excessive  cutting  of  floorbeams,  or  otherwise 
damaging  the   building;    (3)   pipes  that   run  crosswise  of 
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floorbeams  should  be  laid  not  more  than  1  foot  away  from  the 
wall,  so  as  to  avoid  serious  injury  to  the  floor  by  weakening 
the  beams;  (4)  fixtures  should  be  supplied  by  risers  rather 
than  by  drop  pipes,  a.s  far  as  practicable;  (5)  all  pipes  should 
be  located  where  they  can  be  gut  at  for  repairs  with  the  least 
possible  damage  to  the  floors  or  walls. 


SERVICE    PIPES 

18.  The  pipes  that  convey  the  gas  from  the  mains  into 
the  building  should  be  connected  to  the  top  of  the  street 
main,  as  shown  in  Pig.  9,  and  not  to  the 
sides  or  bottom.  The  hole  in  the  cast-iron 
main  is  tapped  with  a  drill  and  ratchet,  held 
in  place  by  a  tapping  machine  or  a  clamp, 
often-  called  a  crowfoot,  or  old  man.  The 
best  forms  of  tapping  machine  are  now 
arranged  with  a  saddle  with  a  rubber  gasket 
that  clamps  down  on  the  pipe,  and  through 
which  the  drill  or  tap  works.  The  escape 
of  gas  while  the  work  is  being  done  is  thus 
avoided.  The  drill  or  tap  is  a  combined  drill,  | 
reamer,  and  pipe  tap,  so  that  the  hole  is 
tapped  out  in  one  operation  ready  for  the 
fitting  to  be  screwed  in.  Soap  is  used  on 
the  tap  to  prevent  the  escape  of  gas  where  machines  that 
have  no  special  device  for  this  purpose  are  employed.  Ser- 
vices should  always  be  connected  to  the  main  by  two  street 
elbows,  one  being  screwed  into  the  hole  in  the  main  and 
turned  in  the  direction  of  the  run  of  the  pipe,  and  the  other 
being  screwed  into  the  first  and  turned  toward  the  house. 
A  form  of  universal  joint  is  thus  made,  and  there  is  no 
danger  of  straining  or  breaking  pipe  or  fittings  when  the 
ditch  is  filled. 


PlO.  9 


19.    Where  it  is  desirable  to  run  two  services  from  the 
same  tap  to  opposite  sides  of   the  street,  a  street   tee   a. 
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Fig.  10,  and  two  street  elbow?  b  and  c  are  used,  the  street 
tee  being  screwed  into  the  pipe  so  that  the  two  ends  look  up 
and  down  the  run  of  the  oiain. 


20.  A  tee  should  be  placed  on  the  service  at  the  first 
turn  it  makes  after  it  conies  through  the  cellar  wall,  as 
shown  in  Fig,  11,  the  fitting  being  so  placed  that  the  plug  a 
can  be  removed  and  a  wire  or  rod  run  into  the  pipe  toward 
the  main  for  clearing  purposes. 

31.  Services  should  never  be  laid  in  a  ditch  above  water 
or  sewer  pipes,  as  such  a  ditch  is  almost  sure  to  settle 
enough  to  trap  the  service 
pipe.  Where  it  is  desirable 
to  lay  the  service  in  the  same 
excavation  with  other  pipes, 
a  shelf  of  solid  ground  should 
be  left  on  one  side  of  the 
ditch  and  the  gas  service  laid 
on  this,  as  shown  in  Fig.  12. 

22.     Great  care  should  be 

'"'  taken  to  lay  service  pipes  with 

an  even  inclination  toward  the  street  main,  if  possible;  but, 
if  this  cannot  be  done,  then  they  should  incline  toward  the 


D.qit.zeaOvGoOt^lc 


§  13         GAS  SUPPLY  AND  DISTRIBUTION  69 

house,  in  which  case  a  suitable  drip  cup  must  be  provided 
on  the  house  end,  as  shown  at  a.  Fig:.  13.     Services  should 
be  carefully  bedded  on  firm  ground,  so 
that  there  will  never  be  any  chance  of 
the  pipe  settling  and  forming  a  trap. 

33*  A  shut-off  cock  should  be 
placed  in  every  service  pipe  at  the 
curb,  and  this  should  be  enclosed  in 
a  suitable  box  extending  upwards  to 
the  surface  of  the  pavement,  and 
closed  against  the  entrance  of  dirt, 
water,  or  snow  by  a  tight  cover. 

A  curb  box  is  shown  in  Fig,  14. 
A  round-way  stop-cock  a  is  placed  in  fig.  is 

the  service  pipe  i.     The  service  pipe  is  properly  lined  up 
and  a  brick  support  c  is  built  under  it,   the  pipe  at  each 
side  of   the  stop-cock   resting   on   the  bricks.     The  rod  </ 
is  made  of  such  a  length  that   its  top  end  is  about  3  inches 
below  the  surface  of  the  sidewalk.     The  lower  forked  end 
of  the  rod  is  bolted  to  the  key 
of  the  cock.     The  rod  casing 
tube  f,  made  usually  of  1-inch 
or  l}-inch  pipe,  is  cut  to  such 
a  length  that,  with  the  cast- 
iron  cock  casing  /  resting  on 
the   brickwork,   the  flange  of 
the  cast-iron  curb  box  ^  fin- 
ishes  flush   with    the   surface 
of  the  sidewalk.     The  square 
end  of  the  rod  ef  should  pro- 
ject  inside   the   box    at   least 
1   inch,  so  that  the   rod  may 
be  turned  by  a  box  key.     The 
cover  of  the  curb  box  should 
Fio.  1*  be  hinged,  and  preferably  be 

capable   of    being   locked.     The   casing   pipe   e  should   be 
screwed    both   into   the    curb   box  and    the    cock    casing. 
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84.  The  hole  in  the  wall  through  which  the  service  pipe 
enters  the  cellar  or  basement  should  be  larger  than  the 
pipe,  so  that  the  settlement  or  shifting  of  the  ground  out- 
side will  not  cause  the  pipe  to  bind  or  strain  in  the  hole. 


CONNECTIONS  TO   METERS 

35.  The  connection  from  the  meter  to  the  service  pipe 
and  also  to  the  house  pipe  should  be  made  with  lead  or  other 
soft-metal  tubing,  as  shown  at  ti,  a,  Fig.  15.  These  connec- 
tions will  bend  and  relieve  the  couplings  on  the  meter  from 


injurious  strains  in  case  the  pipes  expand  or  contract,  or  are 
displaced  by  the  settlement  of  the  building,  etc. 

Meters  are  usually  set  on  a  shelf,  but  this  is  not  necessary 
unless  the  meter  is  large  and  heavy.  If  the  meter  is  of  the 
wet   type,  then  it  must  be  supported   on   a   shelf,  and  the 
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shelf  must  be  carefully  leveled  both  lengthwise  and  cross- 
wise. The  dry  meters  now  in  common  use  do  not  require 
leveling  in  order  to  work  properly,  but  they  should  always 
be  set  plumb  for  the  sake  of  appearance  and  as  a  matter  of 
good  workmanship. 

36.  A  single  service  pipe  may  supply  two  or  more  sys- 
tems of  distributing  pipes,  as  shown  in  Fig.  16.  Each 
meter  must  be  provided  with  a  shut-off  cock,  as  at  b  and  c, 
and  drip  cups  should  be  attached  to  each  line  of  house  pipes, 
as  at  d  and  e.  The  service  pipe  should  also  have  a  drip  cup, 
unless  it  is  inclined  so  as  to  drain  into  the  street  main.  A 
drip  for  the  service  pipe  is  shown  aty.  If  several  metersare 
used  in  the  same  building,  they  should  be  placed  on  a  shelf, 
in  one  group  if  practicable,  and  all  the  connections  should 
be  made  exactly  alike,  so  as  to  present  a  neat  and  orderly 
appearance.  When  gas  is  used  for  fuel  in  addition  to  light- 
ing, it  is  often  required  that  the  two  supplies  be  measured 
separately,  in  order  to  determine  the  actual  expense  for  each 
purpose.  Some  gas  companies  furnish  gas  for  fuel  at  reduced 
rates,  to  induce  consumers  to  put  in  cooking  apparatus,  and 
ajso  to  increase  the  sale  of  gas.  If  the  price  of  gas  is  the 
same  for  all  uses,  and  it  is  not  desired  to  keep  a  separate 
account  of  that  used  for  fuel,  then  one  meter  is  sufficient 
to  measure  the  entire  supply. 


OBDEB  OF  OPEBATIONS 

27.  The  proper  way  to  pipe  an  ordinary  building  for  gas 
is  as  follows: 

The  gas-fitter  should  visit  each  floor  of  the  building  with 
the  plans  in  hand,  and  should  mark  the  location  of  each  drop 
for  a  hanging  fixture,  and  of  each  side  light  or  bracket. 

Having  thus  acquired  a  clear  idea  of  the  location  of  each 
fixture,  the  next  thing  to  be  decided  is  the  best  route  for  the 
distributing  pipes.  If  there  are  other  pipes  in  the  building, 
for  water    or  steam  or  drainage,  care   should    be  taken  to 
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avoid  conflict  with  them,  and  the  risers  for  gas  should  be 
placed  along  with  the  other  risers,  unless  they  are  an  incon- 
venient distance  away.  Pipes  for  the  various  purposes  of 
heating,  lighting,  etc,  should  not  be  scattered  promiscuously 
over  a  building,  but  they  should  be  kept  together  as  much 
as  practicable. 

The  matter  of  drainage  should  next  be  considered.  Each 
branch  must  drain  back  into  its  riser,  and  the  whole  system 
should  drain  back  to  the  meter.  Long  branches  which  run 
crosswise  of  the  floorbeams  should  be  avoided,  because  the 
notches  that  must  be  cut  in  the  beams  to  give  the  necessary 
drainage  become  too  deep  and  are  then  very  objectionable. 

Working  plans  of  the  piping  on  each  floor  should  next  be 
made  for  use  at  the  pipe  vise.  The  proposed  route  for  each 
pipe  should  then  be  inspected  to  see  whether  the  pipes  can 
be  got  into  place  without  difficulty,  and  whether  right-and- 
left  connections  are  required,  and  if  so,  where  they  must  be 
placed. 

The  roads  for  the  various  pipes  should  next  be  marked  off, 
taking  the  carpenter  along  and  explaining  to  hiin  the  depth 
to  be  given  to  the  notches,  etc.,  and  he  should  be  fully 
instructed  where  and  how  to  build  the  supports  for  the  hang- 
ing fixtures.  If  the  walls  are  of  brick,  the  necessary  pockets 
for  rising  pipes,  if  any,  should  be  marked  off,  and  the  proper 
places  for  cutting  holes  through  the  walls,  etc,  should  be 
carefully  marked  and  shown  to  the  mason. 

28.  Leaving  the  carpenter  or  mason  to  prepare  the  roads 
for  the  pipes,  work  may  begin  by  setting  up  the  pipe  vise 
and  getting  the  tools  ready. 

Each  piece  of  pipe  should  then  be  inspected  to  see  whether 
it  is  free  from  obstruction  and  dirt.  The  several  pieces  of 
pipe  are  next  cut  and  threaded  according  to  measurements 
on  the  working  plan,  and  the  fittings  screwed  on  while  the 
pipe  is  in  the  vise.  The  various  pipes  should  then  be  carried 
to  their  respective  floors  and  laid  in  convenient  places. 

Erection  may  begin  by  fitting  up  the  main  riser.  The 
various  branches  should  then  be  extended,  working  always 
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from  the  riser  toward  the  outlets.  Cement  or  red  lead 
should  be  used  very  sparingly,  and  care  should  be  taken 
that  no  lumps  or  clots  of  it  run  down  into  the  inside  of.  the 
pipes. 

Elbows,  tees,  and  other  fittings  should  stand  clear  from 
the  studding  and  joists,  whenever  practicable,  so  that  ail 
the  joints  may  be  accessible  for  the  purpose  of  testing. 

Changes  in  the  direction  of  small  pipes  should  be  made 
by  bending  the  tube,  if  practicable,  instead  of  using  an 
elbow.  Elbows  and  other  fittings  to  which  side  lights  or 
brackets  are  attached  should  be  provided  with  flanges  or 
lugs  and  should  be  firmly  secured  with  screws  to  solid 
woodwork,  or,  in  case  of  brick  walls,  to  wooden  plugs 
driven  into  holes  drilled  in  the  wall,  or  to  wooden  blocks 
imbedded  in  the  wall  for  that  purpose,  so  that  the  fixture 
will  be  rigid. 

The  nipple  for  a  side  light  or  bracket  should  project 
from  the  wall  at  right  angles  a  distance  of  not  less 
than  I  inch,  and  not  more  than  1^  inches.  The  nipple 
should  be  screwed  tightly  into  the  fitting,  and  a  cap  should 
be  screwed  on  the  outer  end  of  it.  This  cap  should  be 
screwed  up  with  only  a  moderate  force,  so  that  it  can  be 
easily  removed  at  any  time  without  danger  of  loosening  the 
nipple  from  the  fitting. 

Drop  nipples  that  are  to  support  chandeliers  or  other 
hanging  fixtures  should  hang  perfectly  plumb,  and  in  case 
of  a  fiat  ceiling  should  project  from  }  inch  to  IJ-  inches 
from  the  surface.  If  ornamental  center  pieces  of  plaster, 
etc.  are  to  be  used,  the  necessary  extra  length  of  the  nipple 
should  be  ascertained  from  the  architect  or  contractor. 

29.  The  proper  manner  of  supporting  a  hanging  fixture 
is  shown  in  Fig.  16.  The  weight  of  the  fixture  is  carried 
by  the  wooden  block  «,  which  must  be  made  strong  and  be 
well  secured  to  the  joists  b,  b.  The  lower  block  c  serves  to 
guide  the  drop  piece  i/and  prevent  it  from  swinging  in  any 
direction.  Care  should  be  taken  to  make  the  drop  piece  per- 
fectly plumb. 
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30.  AVhen  the  nipples  or  drops  for  the  fixtures  are  all  in 
place,  they  should  be  tested  to  find  whether  they  are 
square  or  plumb.  This  may  be  done  by  attaching  a 
straight  piece  of  pipe  a  foot  or  so  long  to  which  the  square 
and  level  may  be  applied,  or  a  plumb-bob  may  be  used 
alongside  of  the  piece  of  pipe. 

31.  The  gas  pipes  should  be  placed  in  a  new  building  as 
soon  as  the  walls  are  up  and  the  rough  timbers  of  the  floors 
and  partitions  set,  but  before  the  floors  are  laid  or  the  lathing 
done.  When  a  gas  pipe  runs  parallel  with  the  floor  boards, 
as  shown  at  e.  Fig.  16,  the  board  that  covers  it  should  have 
the  lower  flange  of  the  groove  removed,  so  that  it  can  be 


readily  taken  up  when  desired.     If  the  pipe  runs  crosswise 

of  the  floor  boards,  a  loose  piece  should  be  provided  in  the 
floor  over  every  principal  elbow  or  tee,  so  that  they  can  be 
got  at  easily  in  case  of  repairs  or  leakage.  The  loose  boards 
and  covers  should  be  fastened  in  place  with  tlj-inch  screws. 
Brass  screws  are  frequently  used  for  that  purpose,  as  they 
will  not  rust  fast. 
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EXPOSED  PIPES 

3S.  Gas  pipes  should  not  be  exposed  to  the  weather,  if 
possible  to  avoid  it,  and  care  must  be  taken  to  protect  them 
from  freezing  winds  or  air-currents.  Moisture  in  the  gas  will 
condense  on  the  interior  of  the  pipe  and  form  ice,  and  the 
deposit  will  increase  in  thickness  until  the  pipe  becomes 
choked.  Exposed  pipes  should  be  covered  with  hair  felt  or 
other  good  non-conducting  material,  which  should  be  made 
thoroughly  waterproof  by  a  covering  of  painted  canvas. 
Good  protection  is  especially  necessary  if  the  pipe  contains 
carbureted  air,  which  is  usually  gasoline  gas. 

Iron  gas  pipes  should  not  be  allowed  to  touch  lead  pipes 
or  electric  wires  that  run  crosswise  or  near  them,  because 
the  continual  shifting  caused  by  changes  in  temperature 
will  ultimately  wear  a  groove  or  thin  spot  in  the  softer  pipe, 
and  the  insulation  of  the  electric  wire  will  be  cut  through, 
thus  making  a  ground  or  short  circuit. 

If  a  metal  pipe  runs  within  2  inches  of  an  electric  wire, 
they  should  be  separated  by  a  non-conductor  of  some 
description.  For  example,  the  pipe  may  be  wrapped  with 
four  or  five  layers  of  rubber  tape. 


TEsrraa  a  ststeM  of  pipes 

33.  As  soon  as  the  pipes  are  all  in  place  and  are  properly 
secured,  the  system  should  be  tested  to  find  whether  it  is 
perfectly  gas-tight.  The  instruments  used  for  this  purpose 
are  ^proving  pump,  a.  pressure  gaugx,  and  an  ether  cup. 

The  prorlng  pump  is  shown  in  Fig.  17.  It  is  a  single- 
acting  piston  pump  having  an  inlet  valve  at  the  bottom  that 
admits  air  under  the  piston,  and  an  outlet  or  check-valve  at  b. 
The  socket  ii  of  a  special  bracket  is  attached  to  a  nipple  on  the 
pipe  system  that  is  to  be  tested.  The  pump  is  connected  to 
the  bracket  by  means  of  a  stout  rubber  hose  c,  which  must 
be  wired  to  the  coupling  tails  to  prevent  it  from  being 
blown  off  by  the  air  pressure.     The  cock  e  serves  to  connect 
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or  shut  off  the  pump  from  the  pipe  system,  but  does  not 
shut  off  the  gauge. 

The  ether  cup  consists  of  a  small  funnel  on  the  bracket 
at  d,  which  is  closed  by  a  thumbscrew.  This  is  for  the  pur- 
pose of  introducing  ether  to  make  a  pungent  odor  in  the 
interior  of  the  pipes. 

The  pressure  is  shown  by  a  mercurial  gauge/",  or  by  a 
common  steam  gauge  g.     The  mercury  column   is  to  be 


preferred  to  the  steam  gaune,  because  its  operation  is 
positive  at  all  tiniL'S,  iinil  it  always  intJicates  the  true 
pressure  in   the  system. 

Steam  gauges,  iir  similar  coiurivant-es,  are  not  perfectly 
reliable  pressure  indicators,  their  moving  parts  being  liable 
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to  stick  fast,   so   that   slight  pressure   variations  are  not 
always  indicated  on  the  dials. 

34.  To  make  the  test,  a  convenient  nipple  should  be 
selected  for  making  an  attachment  to  the  proving  pump; 
and  every  other  nipple  and  open  end  should  be  tightly 
closed  by  screw-caps.  Plugs  driven  into  the  ends  of  pipes 
will  not  answer  the  purpose. 

The  pump  and  pressure  gauge  may  then  be  connected  to 
the  system  and  made  tight.  Air  should  be  forced  in  until 
the  gauge  indicates  15  or  20  inches  of  mercury,  or  from 
7  to  10  pounds  per  square  inch.  The  pump  should  now  be 
shut  off,  leaving  the  gfiuge  under  pressure.  The  pressure 
should  be  continued  in  the  pipes  for  about  an  hour,  and  if 
the  gauge  shows  a  falling  off  in  pressure  of  more  than  ^  inch 
of  mercury,  or  ^  pound  per  square  inch,  the  system  cannot 
be  passed  as  perfect. 

The  extent  of  the  leak  may  be  judged  by  the  rapidity  of 
the  fall  in  pressure,  but  its  location  must  be  found  by  the 
sense  of  smell.  For  this  purpose,  a  small  quantity  of  ether 
should  be  introduced  into  the  pipes.  The  pressure  gauge  is 
usually  provided  with  an  ether  cup  especially  for  testing 
purposes.  Jf  none  is  at  hand,  a  cap  must  be  taken  off  some- 
where near  the  pump  and  the  pressure  let  off.  The  ether 
may  then  be  poured  directly  into  the  pipe  and  the  cap 
replaced  as  quickly  as  possible.  The  pressure  should  now 
be  pumped  up  as  before.  The  odor  of  the  ether  will  diffuse 
throughout  the  system  of  piping  and  will  escape  from  the 
leak ;  thus  the  location  ot  the  leak  will  be  revealed  by  the 
smell  of  ether. 

To  locate  the  leak,  it  is  necessary  to  go  over  the  pipe  sys- 
tem, carefully  smelling  each  joint  and  suspected  pipe  or 
fitting.  When  a  suspicious  place  is  found,  it  should  be 
daubed  over  with  a  thick  solution  of  soap,  and  if  any  air  is 
escaping  at  that  point  it  will  show  itself  by  making  soap 
bubbles. 

Every  leak  that  can  be  detected  should  be  marked  with 
chalk,  and  the  pressure  may  then  be  let  off.     All  defective 
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pipes  or  fittings  should  be  removed  and  replaced  with  per- 
fect ones.  Patching  should  rarely  be  permitted.  However, 
if  the  defective  fitting  is  a  large  one,  and  its  removal  will  be 
very  difficult  and  expensive,  and  the  leak  be  but  a  small  sand 
hole,  it  may  be  patched.  Gas-fitters'  cement,  which  is  only 
a  coarse  grade  of  sealing  wax,  is  not  proper  material  for 
that  purpose.  The  hole  should  be  closed  with  solder;  or, 
better  still,  the  hole  may  be  drilled  out  and  tapped  to 
receive  a  small  screw  plug.  The  drilling  of  the  hole  will 
reveal  the  character  of  the  metal  as  to  whether  it  is  solid  or 
porous.  If  it  appears  porous  or  spongy,  the  fitting  should 
be  thrown  out  and  replaced  with  a  sound  one  without 
further  delay. 

If  fittings  are  cracked,  they  should  in  all  cases  be 
removed.  Cracked  or  split  pipes  should  always  be  removed; 
it  is  useless  to  try  to  patch  them. 

After  making  all  required  changes,  the  pressure  should 
again  be  applied,  the  test  being  repeated  until,  with  a  pres- 
sure of  at  least  15  inches  of  mercury,  the  gauge  will  show 
not  more  than  ^-inch  loss  per  hour,  as  before  described.  If 
the  system  of  piping  is  extensive,  only  one-half  of  that  fall 
of  pressure  may  be  allowed.  The  gas-fitter  should  aim  to 
have  none  at  all,  and  on  a  really  high-class  piece  of  work, 
the  mercury  column  should  stand  ail  night  without  showing 
any  appreciable  fall  in  the  morning. 

tn  case  of  large  buildings,  it  is  advisable  to  test  the  piping 
in  sections,  say  one  floor  at  a  time,  since  in  this  way  it  is 
much  easier  to  locate  leaks.  After  each  section  is  tested, 
they  may  be  connected,  and  then  subjected  to  a  final  test. 

The  pipes  should  not  be  covered  until  the  tests  are  com- 
pleted. Usually  the  gas  companies  or  the  city  authorities 
require  that  the  testing  be  done  in  the  presence  of  their 
inspector.  If  no  such  regulations  are  in  force,  then  the 
owner  or  architect  should  witness  the  tests,  so  as  to  avoid 
any  possible  disputes, 

36.  Ether  is  a  dangerous  fluid  to  handle,  especially  if 
there  are  any   fires  or  lights  in  the  vicinity.     Cigars  and 
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pipes  must  be  banished,  and  great  care  must  be  taken  to 
avoid  spilling  any  of  it,  or  getting  it  on  the  hands  or  clothes, 
because  if  the  odor  is  thus  set  free  in  the  building,  it  will  be 
difRcult  to  detect  leaks  in  the  pipes.  Other  substances  may 
be  used  that  are  free  from  the  danger  of  fire,  such  as  the 
essential  oil  of  peppermint  (not  the  essence),  but  they  are 
not  so  volatile  and  do  not  diffuse  throughout  the  pipes  so 
readily. 

DEFECTS   AND  THEIB    REMEDIES 


IWTBODTJCTION 

36.  The  troubles  experienced  with  gas-piping  systems, 
and  that  gas-fitters  are  commonly  called  on  to  remedy, 
may  be  broadly  divided  into  troubles  occurring  in  the  gas 
supply  pipes  and  troubles  with  the  fixtures,  as  the  burners. 
Mainly  those  occurring  in  the  gas  supply  pipes  will  be 
treated  of  here. 

The  most  prevalent  source  of  trouble  are  leaks,  which 
may  occur  in  any  part  of  the  pipe  system  or  in  the  fixtures, 
and  manifest  themselves  by  a  strong  odor  of  gas.  Leaks 
are  hable  to  occur  in  the  most  unexpected  places,  and  often 
require  a  careful,  painstaking,  and  systematic  search  of  the 
whole  piping  system  within  and  without  the  building  to 
discover. 

Chokage  of  the  supply  pipes  is  another  fruitful  source  of 
trouble;  it  is  caused  by  foreign  matter  being  carried  into 
the  supply  pipes,  and  manifests  itself  by  a  reduction  of 
the  gas  supply,  as  shown  by  the  burners  giving  a  steady  but 
very  small  light. 

Water  in  the  gas  supply  pipes  manifests  itself  by  a  flicker- 
ing and  jumping  of  the  lights,  which  at  times  may  be  so 
bad  as  to  render  them  almost  useless.  In  extremely  cold 
weather  the  water  collected  in  sags  and  bends  in  the  pipes 
may  freeze  and  thus  partially  or  entirely  shut  off  the  gas 
supply  either  from  part  or  the  whole  of  the  building.  The 
gas  supply  is  then  said  to  be  frozen  up. 
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37.  Repairing  gas  leaks  is  dangerous  business,  because 
any  mixture  of  common  illuminating  gas  with  air  in  the 
proportion  of  13  parts  of  air  or  less  to  1  of  gas  will  explode 
if  it  comes  in  contact  with  fire  of  any  kind.  If  the  explosive 
mixture  be  richer  in  gas  than  1  to  13,  it  will  explode  with 
proportionately  greater  violence. 

Before  entering  a  room  that  smells  strongly  of  gas,  all 
lanterns  or  torches  must  be  extinguished,  and  cigars  or 
tobacco  pipes  must  be  left  behind.  All  matches  should  be 
laid  aside,  because  the  workman  is  liable,  in  a  moment  of 
thoughtlessness,  to  strike  a  light  to  "see  where  he  is,"  and 
thus  produce  an  explosion. 

If  the  place  is  very  dark,  and  a  light  is  required,  a  coal- 
miner's  safety  lamp  should  be  used.  Even  these  lamps 
must  be  used  with  caution.  The  necessary  instructions  for 
handling  them  are  furnished  with  the  lamps. 

Occasionally  there  is  a  risk  of  being  suffocated  or  over- 
come by  the  gas,  and  the  gas-fitter  should  always  have  an 
assistant  within  sight  who  can  help  him  out  in  case  of  acci- 
dent. If  he  begins  to  feel  dazed  or  queer  while  breathing 
the  vitiated  air,  he  should  drop  to  the  floor  and  make  his 
way  out  on  hands  and  knees.  The  air  near  the  floor  is 
likely  to  be  nearly  free  of  gas,  thus  giving  him  a  chance  to 
breathe. 

In  beginning  a  search  for  a  leak,  the  first  thing  to  do  is  to 
shut  off  the  gas  at  the  meter,  or,  if  that  cannot  be  reached 
safely,  it  may  be  shut  off  at  the  curb.  Then  the  windows 
and  doors  should  be  opened,  and  every  effort  made  to  free 
the  premises  from  the  presence  and  odor  of  gas. 

Ail  places  that  cannot  be  readily  ventilated,  such  as  the 
upper  parts  of  closets,  small  hallways,  space  under  stair- 
ways, etc.,  should  be  thoroughly  fanned  out,  driving  out  the 
vitiated  air  into  the  air-currents  that  will  carry  it  off.  The 
space  between  the  floors  may  be  filled  with  gas,  and  some- 
times it  is  necessary  to  make  openings  and  circulate  air 
through  them  to  clear  out  the  gas. 
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If  the  apparent  proportion  of  gas  in  the  air  does  not 
plainly  diminish  when  the  supply  is  shut  ofE  at  the  meter, 
then  the  leak  is  probably  in  the  service  pipe  outside 
the  building.  It  may  be  that  the  leak  is  in  the  main, 
and  that  the  escaping  gas  follows  the  service  pipe  and 
enters  the  premises  through  the  pipe  hole  in  the  cellar 
wall.  In  loose  or  made  ground,  the  gas  from  a  leak 
in  the  street  will  sometimes  follow  a  water  pipe  into 
the  cellar. 

After  the  premises  are  cleared  of  the  odor,  the  gas  should 
again  be  turned  on  at  the  meter. 

Ordinarily  the  leak  can  be  located  approximately  by  the 
odor  of  the  gas  that  again  escapes  from  it.  If  there  is  no 
plain  indication  of  its  source,  then  a  systematic  search  must 
be  made.  The  first  point  to  be  examined  for  leakage,  in  the 
system  of  house  pipes,  is  at  the  meter.  Leaks  may  occur  in 
the  meter  casing  or  around  the  glass  cover  over  the  register 
dials.  If  a  defect  is  found  here,  the  meter  should  be 
removed  and  a  sound  one  put  in  its  place.  A  small  leak 
may  be  stopped  temporarily  by  the  use  of  hard  soap  as  a 
cement,  but  this  cannot  be  depended  on  to  remain  tight  for 
more  than  a  few  days.  The  meter  connections  should  then 
be  examined,  and  if  the  couplings  are  found  to  be  leaking, 
they  should  be  supplied  with  new  packing  washers.  The 
gas' fixtures  should  next  be  examined,  taking  care  to  ascer- 
tain positively  the  tightness  of  every  cock  or  key.  Leaks 
may  occur  at  the  swing  joints  and  at  the  base  of  the  burners, 
but  these  will  be  perceptible  only  when  the  fixture  is  in  use. 
Chandeliers  and  pendants  should  be  examined  at  the  con- 
nection to  the  drop  nipple  overhead,  and  at  the  ball  joint,  if 
there  be  one. 

All  stuffingboxes  on  sliding  or  extension  fixtures  should  be 
closely  examined.  Leaks  may  also  be  looked  for  at  either 
end  of  the  nipple  at  brackets  or  side  lights. 

If  no  leak  is  found  at  the  meter  or  fixtures,  then  the  defect 
is  evidently  in  the  pipes  or  fittings,  and  the  only  practicable 
method  of  finding  it  is  to  prove  the  pipe  system,  as  directed 
in  Art.  34. 


D.qit.zeaOvGoOt^lc 


70  GAS  SUPPLY  AND  DISTRIBUTION  §  13 

The  use  of  matches  to  detect  small  leaks  of  gas  is  a 
dangerous  practice;  they  should  never  be  used  in  anyplace 
where  there  is  a  chance  for  escaping  gas  to  accumulate  and 
mix  with  air.  Smearing  the  pipe  with  thick  soapsuds  is 
more  certain  to  reveal  small  leaks,  and  is  free  from  danger. 

If  no  leak  can  be  found  on  the  premises,  and  the  odor  of 
gas  still  exists,  it  is  probable  that  the  leak  is  in  some  other 
pipe  system,  and  that  the  gas  is  conducted  into  the  premises 
through  some  unsuspected  channel,  such  as  accidental  pas- 
sageways between  Hoorbeams,  rat  holes,  loose  spaces  around 
water  pipes,  etc. 


CHOKAGB 

38.  When  gas  pipes  become  choked,  they  may  be  cleared 
in  most  cases  by  blowing  them  out  with  compressed  air 
An  ordinary  air  pump  is 
used  to  compress  air  into  a 
strong  storage  tank,  and 
when  a  sufficient  pressure 
has  been  accumulated,  the 
tank  is  connected  to  the 
choked  pipe,  and  the  air  is 
discharged  into  it  as  sud- 
denly as  possible,  thus 
blowing  out  all  obstructions 
before  it.  The  air  pump 
and  storage  tank  are  gen- 
erally combined  into  a 
portable  hand-operated 
apparatus,  one  form  of 
which  is  shown  in  Fig.  18, 

PlO.  18  ,  .      ,  , 

and  is  known  as  a  service 
cleaner.  The  bulged  part,  or  base,  forms  the  air  storage 
tank  and  has  a  hand  pump  attached  to  it  by  which  air  is 
pumped  into  the  base.  The  stop-cock  at  the  bottom  is  con- 
nected by  means  of  a  rubber  hose  to  the  gas-pipe  system, 
Aii"  having  been  compressed  into  the  base,  a  sudden  opening 
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o£  the  stop-cock  results  in  blowing  suddenly  a  large  volume 
of  air  into  the  gas-pipe  system. 

When  a  service  pipe  is  choked,  or  trapped  with  water,  it 
is  disconnected  from  the  meter,  and  air  is  quickly  forced 
through  toward  the  main.  If  the  pipes  in  the  building  are 
choked,  the  gas  fixtures  affected  by  the  chokage  are  taken 
down,  and  air  is  rapidly  forced  through  their  supply  pipes, 
so  that  the  obstructions  will  be  blown  out  at  the  open  ends 
of  the  drops. 


FLICEBBINO  I.I6HT8 

39.  The  flickering  and  jumping  of  gas  lights  is  caused  by 
the  presence  of  water  in  the  pipes.  The  liquid  accumulates 
in  sags  and  low  places,  and  fills  the  bore  of  the  pipe,  forcing 
the  gas  through  it  in  a  series  of  bubbles.  As  each  bubble 
escapes,  the  water  is  agitated,  and  the  lights  jump  in 
response  to  the  momentary  fluctuation  of  pressure.  This 
trouble  can  be  remedied  by  emptying  the  drip  cups  and 
taking  care  to  thoroughly  drain  all  parts  of  the  pipe  sys- 
tem. Sometimes  the  deposit  of  water  will  be  found  in  the 
fixture  instead  of  in  the  supply  pipes,  especially  if  it  be  a 
pendant  or  chandelier,  A  water  trap  will  frequently  be 
found  in  the  service  pipe. 

A  similar  effect  is  caused  by  a  wet  meter  that  is  drowned 
or  flooded  by  too  much  water.  In  this  case  the  trouble 
may  be  overcome  by  drawing  off  the  excess  of  water. 

Dry  meters  that  are  stiff  and  need  cleaning  and  oiling,  or 
in  which  the  arms  have  not  been  connected  to  the  rock 
shaft  at  the  proper  angle,  may  cause  the  gas  flames  to  flicker. 

Dry  meters  are  sometimes  troubled  with  the  water  con- 
densed in  the  pipes;  they  are  usually  provided  with  trap 
screws,  so  that  the  water  can  be  easily  removed  when 
necessary. 

The  apparent  freezing  up  or  choking  of  the  gas  supply  in 
extremely  cold  weather  is  due  to  the  exposure  of  the  pipe  at 
some  point  to  a  draft  of  very  cold  air  or  to  a  freezing  wind, 
the  consequences  of  which  were  described  in  Art.  3S. 
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DOMESTIC  USES  OF  GAS 

{PART  1) 


GAS   LIGHTING 


INTRODUCTION 


COMBUSTION    OP    OAS 

1.  Ordinary  illuminating  gas  is  a  mixture  of  several  com- 
pounds of  carbon  and  hydrogen,  which  vary  somewhat  in 
their  composition.  The  process  of  combustion  consists  in 
the  decomposition  of  these  compounds  by  means  of  heat, 
and  the  formation  of  new  compounds  by  combining  the  car- 
bon and  hydrogen  separately  with  oxygen.  The  carbon  and 
oxygen  unite  and  form  carbon  dioxide  (also  called  carbonic 
acid),  which  is  indicated  by  the  symbol  CO,.  The  hydro- 
gen and  oxygen  tinite  and  form  water,  indicated  by  the 
symbol  HtO,  the  water  being  in  the  form  of  vapor.  A  large 
amount  of  heat  is  given  off  during  the  formation  of  these 
compounds;  but,  owing  to  the  mixed  composition  of  ordinary 
illuminating  gas,  it  is  somewhat  difficult  to  calculate  the  heat 
developed  by  its  combustion. 

2.  If  the  composition  of  the  gas  is  known,  and  the  actual 
weight  of  a  given  quantity  can  be  ascertained,  then  the  heat 
in  British  thermal  units  may  be  computed  by  assigning  to 
each  pound  of  combustible  substance  the  following  amounts: 
Hydrogen,  burned  to  water,  H,0,  62,000;  carbon,  burned  to 
carbon  dioxide,  CO,,  14,600;  carbon,  burned  to  carbon 
monoxide,  CO,  4,400;  carbon  monoxide,  burned  to  carbon 
dioxide,  CO.,  10,200. 

Fm  i-Ha  al  cotyrithl.  uw  Mr'  immidiatily  follmrint  llu  lillt  paf 

tu 
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Before  gas  can  be  bnmed,  its  temperature  must  be  raised 
to  the  point  of  ignition.  A  part  of  the  heat  produced  by 
combustion  is  always  absorbed  in  thus  preparing  the  cold 
gas  and  air  for  burning.  Combustion  is  not  instantaneous 
in  any  case,  because  an  appreciable  interval  of  time  is 
always  required  to  bring  the  gas  and  air  up  to  the  required 
temperature. 

3.  The  temperature  of  a  gas  flame  depends  on' the  amount 
of  gas  burned  within  a  given  space  and  time,  and  also  on  the 
temperature  of  the  gas  and  air  at  the  moment  of  entering  the 
burner.  Thus,  if  the  size  of  a  flame  be  reduced,  the  amount 
of  gas  burned  remaining  the  same,  the  temperature  will  be 
correspondingly  increased. 

If  a  jet  of  gas  be  ignited  in  the  ordinary  atmosphere,  the 
flame  will  spread  out,  until  the  surface  presented  to  the  air 
t>ecomes  large  enough  to  take  up  the  oxygen  required  for 
combustion  with  sufficient  rapidity  to  consume  the  gas  as  fast 
as  it  issues  from  the  burner.  The  surface  of  the  flame  thus 
extended  is  so  large  in  proportion  to  the  quantity  of  gas 
actually  burning  that  the  heat  is  radiated  and  imparted  to 
the  surrounding  air  with  great  rapidity,  and  the  temperature 
of  the  flame  is  low  in  consequence.  If  the  flame  be  a  large 
one,  some  of  the  gas  will  become  cooled  below  the  point  of 
ignition  before  it  can  secure  the  oxygen  necessary  for  com- 
bustion, and  will  fail  to  bum.  The  gas  unbumed  is  not  only 
wasted  and  lost,  but  it  mingles  with  and  poisons  the  air  of 
the  room  in  which  the  burner  is  used. 

4.  The  temperature  of  a  gas  flame  may  be  increased  by 
placing  a  chimney  over  or  around  the  flame.  The  supply  of 
oxygen  is  increased  by  the  draft  thus  created,  and  the  size  of 
the  flame  is  reduced;  or,  if  the  supply  of  gas  be  increased,  a 
greater  amount  may  be  burned  in  the  same  space.  Another 
method  that  is  very  effective  is  to  mix  the  gas  with  the  air 
needed  for  combustion  before  burning  it.  Each  particle  of 
gas  is  thus  supplied  with  all  the  oxygen  required,  and  it 
bums  as  fast  as  the  temperature  can  be  raised  to  the  point  of 
ignition.     The  volume  of  the  flame  is  thus  reduced  to  a 
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miDJmuoi,  and  conseqaently  the  temperattire  is  raised  almost 
to  the  maxiaium.  The  bnraers  employed  for  this  mode  of 
combustion  are  called  atmospheric  burners.  These 
burners  are  often  called  Bunsen  bumers,  after  the  name  of  the 
inventor.  A  modification  of  the  Bunsen  burner  is  known  as 
the  Fletcher,  which  also  is  an  atmospheric  burner. 

The  proportion  of  air  that  must  be  mixed  with  gas  to  secure 
eood  combustion  varies  with  the  kind  of  gas  used  and  also 
with  the  quality  of  the  gas.  Ordinary  illuminating  gas 
requires  from  six  to  twelve  volumes  of  air  to  one  of  gas. 

When  the  air  or  gas,  or  both,  are  heated  before  they  are 
burned,  the  heat  thus  imparted  is  added  to  the  ordinary  heat 
of  combustion,  thereby  increasing  the  temperature  of  the 
flame.  If  the  preheating  of  the  air  or  gas  is  accomplished 
by  means  of  the  waste  heat  of  the  gases  of  combustion,  the 
process  is  called  regeneration.  This  process  is  extensively 
used  for  producing  high  temperatures,  and  for  lights  of  great 
intensity.  

LUHINOSITT    OP    GAS    FLAMES 

5.  The  lamlnoslty  of  flames  depends  on  the  manner  in 
which  the  carbon  is  burned.  Thus,  when  gas  is  burned  in  a 
good  bat's-wing  or  Argand  burner,  light  is  emitted  profusely; 
but  when  it  is  tnimed  in  an  atmospheric  burner,  the  flame 
appears  pale  blue  and  almost  destitute  of  light.  In  order  to 
understand  the  cause  of  the  great  difference  in  luminosity  in 
these  cases,  it  is  necessary  to  examine  the  structure  of  the 
flames  and  note  the  different  conditions  under  which  the  car- 
bon is  burned.  Hydrogen,  in  burning,  gives  off  an  enormous 
amount  of  heat  with  very  little  light.  It  serves  to  produce 
light,  however,  by  heating  to  incandescence  the  *carbon  that 
accompanies  it,  if  any  be  present. 

6.  If  the  flame  of  a  candle  be  observed,  it  will  be  seen 
to  consist  of  four  parts,  as  shown  in  Fig.  1.  The  lowest 
part  o  is  of  a  bright  blue  color,  and  emits  very  little  light. 
The  central  part  of  the  flame,  marked  CH,  is  composed  of  gas 
generated  from  the  material  of  the  candle  by  heat,  and  it 
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is  dark  colored  and  transparent.  It  is  surrouoded  by  a 
shell  or  envelope  of  yellow  luminous  flame,  which  is 
marked  C  and  ff,0.  Outside  of  this  is  another  layer 
marked  CO,,  which  consists  of  hot  gas,  and  is  almost  invis- 
ible. The  greater  part  of  the  oxygen,  which  moves  from  the 
surrounding  atmosphere  toward  the  interior  of  the  flame,  is 
intercepted  in  the  outer  layer  of  hot  gas,  and 
is  united  with  the  carbon  that  escapes  out- 
wards from  the  luminous  layer,  thus  form- 
ing CO..  The  remainder  of  the  oxygen  passes 
inwards  into  the  luminous  layer  of  the  flame. 
Here  it  encounters  the  hot  hydrocarbon  gas 
that  is  passing  outwards  from  the  central 
space.  The  quantity  of  the  oxygen  is  not 
sufficient  to  combine  with  both  the  hydrogen 
and  the  carbon.  It  combines  with  hydrogen 
easier  than  with  carbon;  consequently,  the 
hydrogen  is  taken  from  the  compound,  leav- 
ing the  carbon  free  and  uncombined.  The 
intense  heat  generated  by  the  burning  hydro- 
gen raises  the  temperature  of  the  free  car- 
bon so  high  that  it  becomes  brilliantly  incandescent.  This 
is  the  only  part  of  the  process  of  combustion  that  generates 
light  of  any  consequence.  This  incandescence  endures  only 
while  the  carbon  is  passing  from  the  central  part  of  the  flame 
to  the  outer  layer — a  very  minute  interval  of  time. 

The  luminosity  of  the  flame  is  thus  seen  to  depend  on  the 
momentary  existence  of  the  carbon  in  a  state  of  entire  free- 
dom, at  a  high  temperature,  under  circumstances  that  deprive 
it  of  oxygen.  The  moment  that  it  receives  enough  oxygen,  it 
passes  into  carbon  dioxide  and  ceases  to  be  luminous.  Thus, 
the  carbon  is  burned  only  in  the  outer,  non-luminous  part  of 
the  flame,  and  only  hydrogen  is  burned  in  the  luminous  part. 


7.  When  gas  is  mixed  with  air  and  is  burned  in  an 
atmospheric  burner,  each  particle  of  carbon  is  accompanied 
with  enough  oxygen  to  convert  it  into  carbon  dioxide, 
and   the   hydrogen  is   similarly   provided   for.     They  bum 
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simalt&neoiisly,  the  bydroeen  forming  water,  H^O,  and  the 
carbon  passing  directly  from  tbe  original  hydrocarbon  com- 
pound into  a  new  combination,  COf  It  is  not  for  a  moment 
detached  and  maintained  as  free  carbon,  as  in  the  candle 
Same;  consequently,  the  opporttmity  to  become  incandescent 
and  luminous  never  occurs.  Therefore,  the  flame  of  an 
atmospheric,  or  Bunsen,  burner  emits  very  little  light. 

8.  An  open  gas  flame  will  lose  much  of  its  luminosity  if 
its  surface  is  made  too  large.  When  the  pressure  is  too 
high,  the  gas  is  projected  so  far  into  the  atmosphere  that  a 
considerable  part  of  it  finds  enoagh  oxygen  to  bum  its  carbon 
and  hydrogen  simultaneously,  as  in  a  Bunsen  flame.  That 
part  of  the  gas  which  burns  in  this  manner  fails  to  emit  light 
of  any  consequence. 

A  gas  flame  will  smoke  when  the  area  of  its  outer  surface 
is  so  small  that  it  cannot  take  up  oxygen  from  the  atmosphere 
with  sufficient  rapidity  to  oxidize  the  carbon  as  fast  as  it 
arrives  at  the  outer  surface  of  the  flame.  Only  a  part  of  the 
carbon  can  then  t>e  oxidized;  the  remainder  cools  below  the 
point  of  ignition  and  passes  ofE  into  the  air  as  suspended 
carbon  or  smoke.  The  trouble  may  be  remedied  by  increas- 
ing tbe  area  of  the  flame.  This  is  usually  accomplished  by 
increasing  the  pressure  of  the  gas.  An  artificial  draft,  such 
as  made  by  a  chimney  or  a  fan,  will  also  cure  the  sniokiness 
by  increasing  the  supply  of  oxygen  to  the  flame. 

9.  The  intensity  of  the  light  emitted  by  a  flame  of  any 
certain  kind  of  gas  depends  on  the  area  of  the  surface  of  the 
flame,  and  on  the  temperature  developed  by  the  combustion. 
Thus,  on  comparing  two  burners  that  produce  flames  of 
different  sizes  while  using  the  same  pressure  and  volume  of 
gas  per  hour,  it  will  be  found  that  the  smaller  flame  will  emit 
the  most  brilliant  light.  This  result  is  due  to  the  decrease 
of  luminous  surface  from  which  light  is  radiated,  which 
simply  means  a  more  rapid  surface  combustion  per  unit  of 
area.  Again,  in  comparing  two  flames  that  are  alike  except 
in  temperature,  it  will  be  found  that  the  hotter  flame  will 
^mit  the  larger  volume  of  light- 
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In  comparing  the  light  produced  by  burning  gases  of 
different  compositions,  it  is  found  that  the  greatest  light  is 
afforded  by  the  gas  that  has  the  largest  amount  of  carbon  in 
proportion  to  its  hydrogen.  Thus,  acetylene,  which  has 
twelve  times  as  much  carbon  as  hydrogen  by  weight,  gives 
about  fifteen  times  as  much  light  as  an  equal  volume  of 
average  coal  gas. 

10.  When  gas  is  mixed  with  air  before  bnming,  the  color 
and  brilliancy  of  the  flame  undergo  a  great  change.  If  com- 
mon illuminating  gas  is  used,  and  the  maximum  proportion 
of  air  is  supplied,  the  flame  will  be  very  small  and  pale,  hav- 
ing a  bluish  top  and  a  greenish  center.  But,  when  the  air 
supply  is  scant,  the  flame  will  burn  with  a  dull  yellow  light, 
and  will  tend  to  smoke.  As  long  as  the  yellow  flame  can  be 
seen,  it  is  certain  that  the  proportion  of  air  is  too  small. 

Other  gases  give  characteristic  colors  when  burned. 
When  free  carbon  is  burned  to  carbon  monoxide,  CO,  the 
flame  is  of  a  bright  blue  color,  and  when  carbon  monoxide 
is  burned  to  carbon  dioxide,  CO,,  the  flame  shows  a  charac- 
teristic pink  or  rose  color;  but  when  the  carbon  is  burned  to 
carbon  dioxide  directly,  the  flame  is  nearly  colorless. 


METHODS    OF    PRODUCING    UGHT 


GENERAI.    BB8CRIPTION 

11.  All  methods  of  producing  light  from  gas  or  oils 
that  are  now  in  use  depend  on  the  incandescence  of  some 
substance  that  is  exposed  to  the  heat  of  the  flame.  In  the 
flame  of  an  ordinary  gas  burner,  the  light  depends  on  the 
incandescence  of  the  carbon,  which  exists  for  a  moment  in  a 
free  state.  There  are  other  materials,  notably  lime,  mag- 
nesia, zirconia,  and  the  oxides  of  several  of  the  earthy 
metals,  that  emit  far  more  light  than  carbon  when  they  are 
heated  to  incandescence.  These  materials  are  used  in  the 
calcium  light,  the  oxyhydrogen  light,  and  in  the  incandescent 
gas  lamp. 
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Id  the  calcium  light,  a  block  of  lime  is  raised  to  a  very 
high  temperature  by  means  of  a  stroDi;  blowpipe  that  is 
supplied  with  a  mixture  of  common  illuminating  gas  and  air. 
The  lime  becomes  incandescent  and  emits  light  of  great 
brilliancy. 

In  the  oxyhfdrogen  light,  pure  oxygen  and  hydrogen 
are  burned  at  the  blowpipe,  instead  of  ordinary  illuminating 
gas  and  air.  The  beat  of  the  flame  thus  produced  exceeds 
all  other  known  temperatures,  and  it  causes  the  lime  to  glow 
with  the  most  intense  brilliancy. 

Incandescent  gas  lamps  are  variously  constructed,  but 
all  operate  on  the  same  principle.  Any  kind  of  combustible 
gas,  or  even  oily  vapor,  is  mingled  with  air  and  is  burned  in 
an  ordinary  atmospheric,  or  Bunsen,  burner,  with  the  object 
of  producing  the  greatest  practicable  heat.  The  flame  is 
directed  against  the  inside  of  a  fine  circular  netting,  which  is 
composed  of  platinum  wire,  or  of  threads  of  magnesia, 
zirconia,  or  similar  oxides  of  the  earthy  metals.  The  netting 
becomes  incandescent,  and  emits  light  of  high  intensity. 


OAS-LIOHTIMG    BUBNBIta 

12.  Plain  Burners, — A  gas  burner  consists  of  two 
parts:  the  tip  and  the  pillar.  The  tip  is  the  part  having 
the  orifice  or  orifices  from  which  issues  the  gas  to  be  burned; 
the  pillar  is  a  socket  threaded  at  the  bottom  with  a'standard 
thread  to  fit  gas  fixtures,  and  carrying  the  tip  at  the  top.  In 
the  very  cheapest  and  poorest  burners  the  pillar  and  tio  are 
one  piece  of  metal;  in  the  better  and  more  satisfactory 
burners  the  pillar  is  of  brass  and  the  tip  of  some  refractory 
substance,  generally  steatite.  The  combination  of  the  tip 
and  pillar  is  known  as  a  plain  gas  burner.  There  are  two 
forms  of  plain  burners,  known  in  accordance  with  the  shape 
of  the  flame  produced  by  the  tip,  as  tisk-tail  burners  and 
bai's-wing  burners. 

13.  The  tip  of  a  common  fish-tail  burner,  which  is  also 
known  as  a  union-Jet  burner,  is  shown  in  Fig.  2.  The 
gas  issues  from  the  orifices  shown,  in  two  round  jets,  which 
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collide  and  spread  out  into  a  flat  two-pointed  flame  of  the 
general  shape  shown  at  A.  This  shape  is  not  so  favorable 
to  the  development  of  light  as  that  ^iven  by  other  forms  of 
burners.  When  the  holes  become  fouled  by  deposits  of  soot, 
the  light  becomes  dim  througb  the  redaction  in  gas  supply. 


14.  A  very  satisfactory  form  of  flsh-tail  burner  is  the 
Bray  special  buruer,  shown  in  section  in  Fig.  3.  It  con- 
sists of  a  brass  pillar  a,  a  union-jet  steatite  tip  d,  a  steatite 
gas  check  c  with  a  small  central  hole,  and  woven  cloth 
screens,  four  or  more  in  number,  at  d.  The  size  of  the  mesh 
of  the  different  screens  varies,  the  coarsest  mesh  being  at  the 
bottom  and  the  finest  at  the  top.  The  volume  of  gas  is  checked 
at  c,  and  the  flow  is  steadied  by  the  screen.  The  amount  of 
gas  that  this  burner  will  consume  under  ordinary  pressures  and 
to  the  best  advantage  is  marked  on  the  outside  of  the  pillar. 

15.  A  good  form  of  a  plain  burner  is  the  bat's-'wlngr 
burner,  shown  in  Pig.  4.  The  head  of  the  tip  is  hemi- 
spherical, and  the  gas  issues  through  a  single  straight  slot 
that  spreads  it  out  into  a  thin  flat  sheet  of  flame  of  the  gen- 
eral shape  shown  at  S.  These  burner  tips  are  sometimes 
made  with  two  curved  slots,  as  shown  at  A,  but  they  are 
necessarily  so  thin  and  the  slots  so  narrow  that  the  tips  are 
very  easily  clogged  and  broken. 
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The  capacity  of  these  baroers,  in  cubic  feet  of  gas  per 
hour,  is  marked  either  by  figures  stamped  on  them  or  by 
means  of  grooves  cut  around  them — one 
ring  for  each  cubic  foot.  These  marks 
serve  to  show  the  capacity  only  in  the 
most  general  way,  and  cannot  be  relied 
on  for  accuracy. 

16.  Argand  Burners. — The  particu- 
lar design  of  burner  shown  in  Fig.  5  is 
called  an  Argrand  burner,  from  the  name 
of  its  inventor.  The  burner  consists  of  a 
hollow  ring  a.  which  is  attached  by  two 
hollow  arms  ^  to  a  socket  c,  threaded  to 
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screw  on  to  an  ordinary  burner  nipple.  The  gas  issues  from 
the  interior  of  the  ring  through  a  series  of  small  holes,  as 
at  d,  and  the  jets  all  unite  to  form  a  complete  circle  of  flame. 
A  plentiful  supply  of  air  passes  through  perforations  in  the 
chimney  holder  e  and  also  through  the  central  hole  of  the 
burner.  The  volume  of  the  gas  passing  through  it  is  regu- 
lated by  a  screw  g,  which  has  a  very  quick  pitch,  requiring 
only  about  one-third  of  a  revolution  to  nearly  close  the  valve  h. 
In  order  to  secure  the  best  results  with  this  burner,  the 
gas   pressure  should  be   about   .2  inch  of  water,   and   the 
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chimney  /  must  be  of  such  diameter  and  length  that  the  draft 
will  supply  the  proper  amount  of  air  to  completely  bum  the 
gas — no  more  nor  less.  This  amount  will  vary  somewhat 
with  different  qualities  of  gas. 

Every  Argand  burner  should  have  a  volumetric  regulator. 
Without  it  they  are  liable  to  be  wasteful,  while  if  they  are 
properly  regulated  and  adjusted,  they  will  bum  gas  very 
economically. 

17.  Fig.  6  shows  a  large  compound  Avgand  burner,  having 
two  burner  rings  i  and  /  and  a  single  jet  m  in  the  center. 


This  kind  of  burner  is  made  with  three,  and  even  four, 
burner  rings,  the  latter  size  serving  to  produce  a  light  of 
400  candlepower.  All  compound  burners  are  supplied  with  a 
volumetric  pressure  regulator,  as  shown.  The  gas  passes 
through  fixed  orifices  n  in  the  floating  governor  disk  fi.  The 
movement  of  this  disk  opens  and  closes  the  throttling  valve  s, 
and  thus  controls  the  volume  and  pressure  of  gas  passing  to 
the  burner. 
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18.  Regenerative  Burners. — The  regenerative  lamp 
or  burner  is  made  in  rnanf  forms,  the  object  in  every  case 
being  to  heat  the  air  or  gas,  or  both,  before  the  gas  is 
burned.  This  principle  has  been  applied  also  to  gasoline 
burners  and  common  petroleum  lamps.  The  simplest  appli- 
cation of  the  regenerative  principle  is  shown  in  Fig.  7.  Two 
or  more  small  bat's-wing 
burners  are  supplied  by  a 
pipe  that  descends  close 
to  the  flames  and  that  is 
heated  by  them.  The  gas 
is  thus  heated  before  it 
is  burned,  and  the  tem- 
perature of  the  fldme  is 
increased  accordingly. 
Even  this  crude  applica- 
tion of  the  principle  of 
regeneration  produces  a 
perceptible  increase  in  the 
brilliancy  of  the  lights. 

19.  In  the  Wenkam 
lamp,  shown  in  Fig.  8, 
both  the  air  and  gas  are 
heated  before  combus- 
tion. The  burner  a  is  an 
inverted  ordinary  Argand 
ring,  that  is,  having  the 
jets  of  flame  on  the  bottom 
end.  The  flames  b  are 
turned  outwards  by  a  de- 
flector c,  and  they  curve  *''"■* 

over  the  rounded  surface  of  a  porcelain  ring  d,  thus  forming 
a  broad  horizontal  ring  of  flame  of  great  brilliancy.  The 
lamp  is  closed  tightly  against  the  entrance  of  air  below  the 
flame  by  means  of  the  glass  hemisphere^.  The  hot  products 
of  combustion  pass  upwards  around  the  tube  e  through  a 
number  of  tubes  /,  and  up  the  chimney  h.     The  gas  passing 
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down  the  tube  k  is  highly  heated  before  it  reaches  the  burner. 
The  air  required  for  combustion  enters  between  the  cap  m  and 
the  shell  n,  passes  between  the  hot  tubes  /,  and  thence  down- 
wards through  the  tube  e  to  the  Argand  burner.  This  con- 
struction is  said  to  increase  the  amount  of  light  given  off 
from  three  to  four  times  above  that  produced  by  good 
baf's-wing  burners  using  the  same  quantity  of  gas. 

20.  The  Lebrun  lamp,  shown  in  Fig.  9,  employs  a 
peculiar  burner.  The  lamp 
is  enclosed  within  a  glass 
globe  g,  and  all  the  air  re- 
quired for  combustion  is 
taken  in  through  tubes  a  that 
connect  d  with  the  atmos- 
phere. The  air  is  heated  by 
passing  through  these  tubes 
and  the  central  chamber  d, 
which  parts  are  exposed  to 
the  upward  current  of  hot 
products  of  combustion.  The 
gas  burner  A  is  an  ordinary 
bulb,  or  rose,  burner,  and  the 
flame  is  spread  out  into  a  con- 
vex disk  of  great  brilliancy 
by  means  of  the  current  of 
hot  air  that  flows  through 
the  wire  gauze  disk  e.  The 
conical  frustum  c  serves  to 
concentrate  the  hot  gases  of 
combustion  on  the  sides  of 
the  air  chamber  d.  The  draft 
is   augmented   by  means  of 

*'"'■''  the  chimney  A.     The  burner 

is  supported  by  a  pipe  /,  and  the  lamp  can  be  attached  to 
ordinary  fixtures  by  the  s<n;ket  m. 

21.  Iiioaiidrncent    DiiriierK. — The  incandescent   lamp 
is   made   in  various   forms   by  different   concerns,   but   all 
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Operate  on  the  same  general  plan.  The  Welsbach  lamp, 
shown  in  Pig.  10,  is  a  good  representative  of  the  class. 
An  ordinary  Bunsen  burner  is  employed;  the  gas  enters 
at  a  and  the  air  at  i.  The  mixture  bums  on  the  top  of 
the  wire  gauze  cover  b,  producing  great  heat  but  little 
light.  This  heat  is  transformed  into  light  by  means  of 
a  hollow  tubular  network  c 
suspended  over  and  around 
the  burner  by  a  wire  support  d. 
This  network,  or  mmtlUt  is 
composed  of  threads  of  in- 
combustible material,  which 
become  brilliantly  incandes- 
cent when  highly  heated,  and 
thus  convert  heat  into  light. 
The  light  emitted  from  the 
base  of  the  mantle  is  so 
brilliant  that  it  is  painful  to 
look  at  directly;  therefore, 
such  lamps,  if  intended  for 
office  or  domestic  use,  should 
be  provided  with  a  shade  e  of 
white  or  opal  glass,  to  modify 
the  intense  glare. 

22*  Mantles  have  been 
made  of  many  different  kinds 
of  material,  notably  of  plat- 
inum wire,  but  the  most  suc- 
cessful are  now  made  by 
saturating  a  delicate  woven 
cotton  fabric  with  a  dense 
solution  of  several  of  the  earthy  oxides,  such  as  magnesia, 
zirconia,  tboria,  etc.  The  mantles  are  then  baked  and  care- 
fully packed  in  individual  bo^fes  for  shipment.  Before  sub- 
jecting a  mantle  to  the  heat  of  a  Bunsen  flame,  its  tem- 
perature is  raised  high  enough  to  destroy  the  cotton  fibers, 
leaving   the  coating  of   oxides   standing   as  a  network   of 
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fragile  crust.  This  bumiog-out  process  is  accomplished  by 
applying  a  lighted  match  to  the  mantle  when  it  is  in  place. 
The  fragility  of  the  mantles  is  at  the  present 
time  the  chief  drawback  to  this  mode  of  gas  ' 
lighting. 

The  Welsbach  lamp  is  not  limited  to  the  use 
of  illuminating  gas.  Any  kind  of  combustible 
gas,  oil  vapor,  or  gasoline  may  be  used,  by  pro- 
viding a  burner  capable  of  heating  the  mantle 
to  the  proper  degree. 

Fig.  11  shows  a  Welsbach  incandescent 
lamp  adapted  to  burn  gasoline.  Lamps  sim- 
ilar in  construction  are  made  to  born  common 
kerosene. 

23.    The  candlepower  of  mantles  depends, 
of  course,  on  the  quantity  and  quality  of  the 
gas,  the  manner  in  which  it  is  consumed,  and 
also  on  the  size  and  quality  o 
mantle  commonly  used  is  esi 
about  60  candlepower  when 
3   cubic   feet   of    gas   per 
hour.      Small   mantles   of 
about  20  candlepower  are 
furnished  for  small  burn- 
ers   that    consume    about 
1    cubic    foot    per    hour. 
Large    mantles    giving 
about  100  candlepower  can 
also   be   obtained.     Some 
of  the  best  mantles  on  the 
market   are    estimated   to 
give,    when    new,    from 
30  to  40  candlepower  per 
cubic   foot   of    gas   con- 
sumed per  hour.     If  a  mantle  is  located  in  a  dusty  atmos- 
phere, it  loses  in  lighting  power  by  the  dust  that  clings  to  it, 
and  which  cannot  be  removed  without  injuring  the  mantle. 
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24.  The  actual  saving  effected  by  tbe  use  of  incandescent 
burners  can  00I7  be  found  by  replacing  the  common  plain 
burners  with  iacandescent  burners  and  keeping  a  record.  If 
the  total  amount  of  illumiaation  is  the  same  in  a  given  build- 
ing with  incandescent  burners  that  obtained  previously  with 
plain  burners,  tbe  gas  bill  should  be  reduced  to  at  least  one- 
fifth  the  previous  ones  per  month.  This  condition,  however, 
may  be  said  never  to  exist  in  practice,  since  people  prefer 
more  light,  as  a  general  rule,  than  is  obtained  from  ordinary 
burners.  A  saving  of  50  per  cent,  may  in  practice  be  con- 
sidered to  be  a  fair  average  for  all  ordinary  cases. 

25.  The  life  of  an  incandescent  mantle  depends  on  its 
composition  and  the  usage  it  receives.  Cheap  mantles  may 
be  estimated  to  give  a  good  light  for  about  200  hours,  while 
the  more  costly  mantles  may  be  estimated  to  give  a  good 
light  for  600  hours.  If  they  bum  at  an  average  rate  of 
3  hours  per  night,  then  the  cheap  mantles  should  last  at 
least  7  weeks  and  the  more  costly  ones  at  least  20  weeks. 
Owing  to  defects  in  manufacture,  and  carelessness  in  han- 
dling them,  or  accidental  jarring  of  the  gas  fixture,  many 
mantles  will  not  last  the  time  specified;  but,  on  the  other 
hand,  a  number  will'  last  longer. 

26.  The  gas  pressure  for  incandescent  burners  should 
not  be  less  than  1  inch.  If  the  pressure  is  much  higher  than 
this,  it  must  be  regulated  either  automatically  or  by  hand. 
Some  of  the  modem  burners  are  provided  with  gas  checks 
that  are  adjusted  to  suit  the  pressure  in  such  a  manner  that 
the  exact  amount  of  gas  will  flow  into  the  Bunsen  tube  of 
the  burner.  Pig.  12  (a)  shows  in  elevation  and  Pig.  12  (6) 
in  section  a  Bunsen  tube  with  an  adjustable  gas  check.  The 
lower  end  of  the  socket  a  is  tapped,  and  screws  on  to  the 
gas  fixture.  The  check  is  located  at  6  and  is  formed  by  a 
perforated  shutter,  as  shown,  that  rotates  on  a  central  pin,  and 
is  moved  by  moving  the  lever  c.  If  the  gas  pressure  is  low, 
the  check  is  fully  opened  so  that  gas  is  passing  through  each 
perforation,  but  if  the  pressure  is  high,  the  lever  is  slowly 
moved  so  that  the  shutter  will  close  some  of  the  holes.    This 
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is  done  while  the  gas-cock  is  open  fully.  When  the  gas  sup- 
ply is  thus  checked,  the  proportions  of  air  and  gas  consumed 
are  such  as  should  insure  a  good  light  so  long  as  the  pressure 
in  the  pipes  remains  nearly  constant;  this  also  overcomes 
the  necessity  of  the  operator  checking  down  the  gas-cock 
every  time  the  burner  is  lighted. 

If  the  gas  supply  is  too  great,  a  yellow 
flame  will  be  visible  at  or  over  the  top 
of  the  mantle.     The  gas  supply  should 
then  be  checked  down  and  the  air  supply 
increased  until  the  exact  proportions  are 
obtained.     If   the  gas  supply  is  too  small, 
and  the  air  supply  sufficient  to  prevent  a 
yellow  cap  on  the  flame,  the  upper  part  of 
the  mantle  will  be  dull,  perhaps  red,  and 
the  lower  part  only  will  be  incandescent. 
The  air  supply  to   incandescent   burners 
must  be  carefully  adjusted  so  that  the  exact 
amount  of  air  will  mix  with  the  gas  in  the 
Bunsen  tube.     If  too  little  air  enters  the 
tube,  the  top  of  the  mantle  will  become 
blackened  by  a  deposit  of  carbon  and  only 
the  lower  part  of  the  mantle  will  become 
incandescent.     The  carbon  will,  however, 
slowly  disappear   when   more    air  is   ad- 
mitted.    If  the  air  supply  is  too  great,  the 
flame  will  become  cooled  and  the  incandescence  of  the  mantle 
will  be  reduced.     The  best  lighting  result  is  secured  when 
the  supplies  of  air  and  gas  are  adjusted  so  that  the  mantle  is 
brilliantly  incandescent  from  top  to  bottom,  while  there  is  no 
noise,  nor  any  flame  visible  on  top  of  the  mantle. 

27.  Economy  in  Lighting. — The  light  emitted  per 
cubic  foot  of  gas  consumed  per  hour  by  burners  of  different 
types  varies  with  the  type  and  also  with  individual  burners 
of  the  same  type,  the  variation  in  the  lighting  effect  in  the 
latter  case  being  due  chiefly  to  lack  of  care  in  the  manage- 
ment of  the  burners.     Union-jet  and  bat's-wing  burners  will 
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average  from  2  to  3  caadlepower  per  cubic  foot  of  gas  per 
hour;  regenerative  burners  will  average  between  5  and 
8  candlepower;  and  incandescent  burners  will  average 
between    10   and  30   candlepower, 

28.  Many  persons  waste  gas  by  turning  on  too  much  of 
it,  in  cases  where  the  gas  is  delivered  at  a  high  pressure. 
This  is  clearly  shown  by  an  examination  of  Table  I,  which 
gives  the  results  of  experiments  conducted  with  a  4-foot 
union-jet  burner. 

TABLE  I 


CANDI.BPOnBB    OF    4-FOOT    UNION-JET 
DIPPBRBNT    PBE8SUKES 

BURNER    AT 

Gas  Pressure 

Jnches  of 

Water 

Column 

Gas  Consumed 
per  Hour 
Cubic  Feet 

Light  Emitted 
per  Cubic  Foot  in 

Caadlepower 
of  Flame 

■5 

I.O 
2-5 

3-0 

3-90 
S.6o 
7.0O 
8.4S 
9.60 
10.50 

3.00 
2,40 
1.90 
I. SO 
I -35 
i.ll 

11.70 
13-40 
13-30 
12.67 
12.96 
1 1. 65 

The  table  shows  that,  with  the  burner  tested,  the  highest 
efficiency  was  obtained  with  .5-inch  pressure.  Experience 
has  shown  that  this  pressure  proves  satisfactory  for  other 
burners.  If  the  gas  pressure  in  the  pipes  is  higher  than  this, 
the  pressure  at  the  burner  must  be  reduced  either  by  a  gov- 
ernor or  by  closing  the  gas-cock  until  the  desired  pressure 
is  obtained. 

The  correct  pressure  for  a  gas  burner  can  be  determined 
quite  closely  by  the  shape  of  the  flame.  When  the  pressure 
is  too  high,  the  flame  will  flare,  show  a  ragged  edge,  as  illus- 
trated in  Fig.  13  (ft),  and  make  a  hissing  noise;  the  key  in 
the  gas  fixture  should  then  be  turned  slowly  to  check  the  gas 
pressure  until  the  flaring  disappears.     When  the  gas  pressure 


D.qit.zeaOvGoOt^lc 


18  DOMESTIC  USES  OF  GAS  §14 

has  been  properly  checked,  the  flame  will  be  silent,  bright, 
and  steady,  assuming  the  form  shown  at  id).  When  the 
flame  thus  appears,  the  greatest  amount  of  light  is  obtained 
for  the  least  gas  con- 
sumption; that  is,  the 
burner  is  then  burning 
the  gas  at  the  point  of 
maximum  efficiency. 


29.     When  the  gas- 
fitter  is  requested  to  in- 
spect   the    gas-lighting 
apparatus  in  a  dwelling 
or  other  premises  and  to 
put  in  good  order  every- 
thing that  appears  to  re- 
quire  improvement,   in 
the  hope  of  reducing  the 
consumer's  gas  bills,  he 
should  begin  by  ascer- 
taining whether  the  vari- 
ous burners  are  supplied  with  gas  at  a  sufficient  pressure. 
This  can  be  done  by  lighting  all  the  burners  that  are  ever  in 
use   at  the  same  time,  including  all  cooking   and  heating 
burners,  if  any.     The  appearance  of  the  flames  will  show 
whether  the  supply  pipes  are  large  enough;  if  still  in  doubt, 
the  water  gauge  should  be  applied. 

If  the  pressure  appears  to  be  too  low,  it  may  be  due  to 
the  fact  that  there  is  a  pressure  reducer  or  governor  at  the 
meter  that  is  improperly  adjusted.  Sometimes  these  gov- 
ernors become  fouled,  causing  considerable  resistance  to  the 
passage  of  gas.  By  opening  the  governor  valve  to  its  full 
width,  or  by  removing  the  governor  temporarily,  it  can  be 
quickly  ascertained  whether  the  lack  of  pressure  is  due  to 
the  smallness  of  the  pipes  or  to  the  resistance  of  the  gov- 
ernor.    Sometimes  the  trouble  is  due  to  a  defective  meter. 
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The  condition  of  the  meter  can  be  judged  by  applying  two 
water  gauges — one  on  each  side  of  it.  Then,  if  the  gaiige 
on  the  house  side  of  the  meter  shows  a  much  smaller  gas 
pressure  than  the  gauge  on  the  service  side,  the  meter  is 
defective  and  should  be  replaced  or  repaired. 

Each  burner  may  be  supplied  with  a  volumetric  regulator 
if  the  pressure  is  irregular.  These  regulators  save  much 
more  gas  than  a  pressure  reducer,  and  it  is  generally  advis- 
able to  attach  them. 

If  any  atmospheric  burners  are  used  for  cooking  and 
heating  purixtses,  the  governor  at  the  meter  should  be 
adjusted  to  give  the  pressure  most  suitable  for  their  use, 
leaving  the  volumetric  regulators  to  take  care  of  the 
illuminating    burners. 

If  there  is  no  governor  on  the  system,  the  pipes  leading 
to  the  stoves  should  be  supplied  with  one.  The  burners 
should  be  closely  inspected  and  cleaned.  Each  burner 
should  be  provided  with  a  compound  cock  that  adjusts  the 
air  and  gas  inlets  at  the  same  time,  and  the  cock  should  be 
so  adjusted  that  the  proportions  of  air  and  gas  are  at  all 
times  the  highest  that  can  be  used  without  snapping  back. 

Attention  should  be  given  to  the  condition  of  the  illumi- 
nating burners.  The  flames  should  be  as  large  as  practi- 
cable and  perfectly  steady;  without  flickering  or  hissing. 
The  outline  of  the  flame  should  be  smooth  and  free  from 
wavering  tongues  or  deep  notches.  The  color  should  be  as 
nearly  white  as  practicable.  If  the  flame  is  yellow  or  dull, 
suggesting  smokiness,  it  shows  that  it  is  not  spread  out 
-sufficiently;  the  tip  should  then  be  replaced  with  a  new  one 
having  a  thinner  slit. 

The  smoking  of  open  gas  flames,  as  given  by  union-jet 
and  bat's-wing  burners,  may  be  due  to  defects  in  the  burner 
or  to  excessively  rich  gas.  Smoke  is  produced  when  the 
supply  of  air  is  too  small  to   bum  the  carbon  in  the  gas. 

If  the  tip  fails  to  spread  the  flame  sufficiently  to  secure 
the  necessary  oxygen  for  good  combustion,  the  burner  will 
smoke.  The  defect  may  be  in  the  tip,  or  it  may  be  that  the 
pressure  is  reduced  too  much  by  a  check  in  the  interior  of 
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the  burner.  The  proper  remedy  is  to  provide  a  new  tip 
having  a  thin,  clean  slot,  and  if  that  does  not  properly  spread 
the  flame,  then  the  check  should  be  readjusted  or  removed 
so  as  to  increase  the  pressure. 

If  the  gas  smokes  because  it  is  extra  rich,  the  trouble  may 
sometimes  be  remedied  by  providing  the  burner  with  a  glass 
globe,  or  by  using  a  burner  having  a  chimney,  or  by  using 
incandescent  burners. 

The  question  of  illumination  should  also  receive  attention. 
Frequently  several  small  burners  are  used  to  light  a  room, 
when  one  or  two  large  burners  would  give  more  light  with  a 
smaller  consumption  of  gas. 

Gaslights  that  are  used  only  a  few  minutes  at  a  time  and 
are  turned  down  during  the  intervals,  as  in  bathrooms, 
water  closets,  cellar  stairways,  etc.,  are  usually  very  waste- 
ful of  gas,  and  a  saving  can  be  made  by  employing  self- 
lighting  burners  in  all  such  places. 

The  gas-fitter  should  advise  the  removal  of  all  open-flame 
burners  and  the  adoption  instead  of  incandescent  burners 
with  good  mantles,  except  in  places  where  the  mantles  are 
liable  to  receive  rough  usage.  Some  persons,  however,  are 
prejudiced  against  mantle  burners  on  account  of  the  appar- 
ently greenish  color  of  the  light,  and  also  because  a  breaking 
of  the  mantle  leaves  them  without  light  until  the  mantle  is 
replaced.  In  the  latter  case  it  is  advisable  to  recommend 
replacing  one-half  of  the  open-flame  burners  in  the  living 
rooms  with  mantle  burners,  keeping  the  open-flame  burners 
in  reserve,  to  be  used  in  case  of  breakage  of  nlantles. 

It  is  to  the  interest  of  the  consumer  that  all  the  lighting 
and  heating  burners  on  his  premises  be  thoroughly  inspected 
and  put  in  good  order  at  least  once  every  year.  When  the 
inspection  is  made  annually,  it  requires  but  little  time,  and 
the  cost  is  small  compared  with  the  saving  that  will  usually 
be  made  in  the  gas  bill. 

30.  Where  the  ceilings  are  low,  and  consequently  near 
the  burner,  they  may  become  discolored,  although  not 
actually  scorched.    Each  gas  flame  causes  an  upward  current 
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of  hot  air,  which  ascends  until  it  reaches  the  ceiling.  This 
produces  a  circulation  of  the  air  within  the  room,  and 
particles  of  dust  in  the  current  will  be  carried  to  the  ceiling 
at  a  point  directly  over  the  burner;  consequently,  that  part  of 
the  ceiling  soon  becomes  discolored  bjr  the  dust  that  adheres 
to  it.  The  discoloration  is  usually  charged  to  smoke  from 
the  gas,  but  it  is  mostly  due  to  the  stream  of  dust.  ■  If  the 
gas  does  actually  give  off  smoke,  it  will  aggravate  the 
trouble,  but  that  can  be  easily  remedied  by  providing  a 
proper  burner. 

The  trouble  may  be  mitigated,  although  not  wholly  cured, 
by  using  a  deflector,  as  at  a.  Pig.  14,  or  by  hanging  an 
ordinary  smoke-bell 
over  the  flame.  By 
spreading  out  the  cur- 
rent, its  velocity  is 
checked,  the  amount  of 
dust  that  strikes  the  ceil- 
ing within  a  given  area 
is  reduced,  and  the  dis- 
coloration is  lessened. 

The  only  effectual 
method  of  preventing 
the  discoloration  of 
walls  and  ceilings  in 
this  manner  is  to  inter- 
cept the  current  of  hot 
^°' "  air    arising   from   each 

burner,  and  to  conduct  it  to  a  chimney  or  ventilating  flue 
by  means  of  a  hood  suspended  over  each  flame,  or  set  of 
flames,  and  suitable  pipe  connections.  This  plan  is  valuable 
for  another  reason:  Not  only  are  the  products  of  combus- 
tion removed  from  the  room,  but  a  considerable  amount  of 
air  is  carried  along  also,  thus  aiding  ventilation.  Thp  hot 
gas  that  is  discharged  into  the  ventilating  flue  raises  the 
temperature  therein,  and  thus  increases  the  draft  and 
improves  the  operation  of  the  flue. 


D.qit.zeaOvGoOt^lc 


DOMESTIC  USES  OF  GAS  §14 


GAS  FIXTURES 


OBNERAL    CONBTBUCTION 

31.  Nomenclature  and  Classification. — The  term 
fixture  is  applied  to  the  apparatus  that  supports  the  gas 
burners  and  serves  to  connect  them  to  the  supply  pipes. 
Fixtures  divide  into  three  general  classes:  brackets,  or  side 
lights,  which  project  from  the  walls;  pendants,  or  chandeliers, 
which  bang  from  the  ceiling;  and  pillar  lights,  which  stand 
on  a  base,  such  as  a  mantel,  a  table,  or  a  newel  post. 

Brackets  made  without  joints  are  called  sliil  brackets,  and 
those  having  flexible  joints  are  called  swing  brackets. 

All  fixtures  that  hang  from  the  ceiling  may  properly  be 
called  pendants;  but,  as  commonly  applied,  this  name  is 
restricted  to  fixtures  carrying  one  or  two  lights,  and  that  are 
of  plain  construction.  If  the  number  of  lights  is  greater,  or 
the  construction  is  decidedly  ornamental,  the  term  chandelier 
is  used  instead.  This  name  is  applied  to  the  fixture  without 
regard  to  the  variety  of  lights  that  it  carries,  whether  can- 
dles, kerosene  lamps,  gas  burners,  or  electric  lamps.  The 
terms  gasolier  and  electrolier  have  been  devised  to  distinguish 
a  chandelier  bearing  gaslights  from  one  carrying  electric 
tamps,  but  these  terms  have  not  come  into  general  use. 

There  is  another  class  of  fixtures  called  sunlights  and  con- 
structed in  a  great  variety  of  ways.  They  are  used  chiefly 
to  produce  a  great  amount  of  light  near  the  top  or  ceiling  of 
large  audience  rooms,  and  also  to  furnish  copious  illumina- 
tion for  show  windows,  etc.  A  sunlight  consists  of  a  large 
group  of  small  gas  burners  attached  directly  to  the  supply 
pipe  and  a  reflector  that  is  adapted  to  throw  the  light  down- 
wards as  much  as  possible.  The  group  is  made  up  in  a 
circle,  or  sometimes  in  a  rectangle  or  in  parallel  lines.  The 
burners  are  usually  set  so  close  together  that  when  one  is 
lighted  it  will  ignite  the  adjoining  jets,  and  thus  light  up  the 
whole  group.  The  flames,  however,  should  not  touch  one 
another  when  burning. 
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Oraaiaectal  fixtures  are  usually  built  over  a  frame  or 
skeleton  of  plain  brass  or  iron  tubing.  The  ornamental  part 
consists  of  thin  tubes,  or  shells,  of  brass,  which  are  slipped 
over  the  main  tubing,  and  are  bound  in  place  by  screwing 
the  various  fittings  tightly  together. 

32.  Oas-Cock. — The  most  important  part  of  any  fixture 
is  the  hey,  or  cock,  by  which  the  gas  is  turned  on  or  off. 
The  safety  of  the  inmates  of  the  rooms  from  poisoning  or 
suffocation,  or  from  injury  by  explosions  of  gas,  requires 
that  the  key  of  every  fixture  be  properly  constructed, 
and  also  that  it  be  properly  adjusted.  If  a  key  is  loose  in 
its  socket,  it  is  very  liable  to  be  opened  accidentally,  or 
to  be  reopened  unintentionally  in  the  act  of  removing  the 
fingers  after  closing  it.  A  loose  key  is  so  dangerous  that 
it  should  not  be  permitted  to  remain  thus  under  any 
circumstances. 

■  The  proper  construction  of  a  key  is  shown  in  Fig.  15.  The 
plug  a  should  be  tapered,  and  should  be  ground  into  its  seat 
until  it  has  a  perfect  bearing  through- 
out the  whole  length  of  the  socket. 
It  should  be  held  in  place  by  means 
of  a  washer  i  and  a  screw  c.  The 
washer  should  have  a  central  hole, 
as  d,  with  one  or  two  straight  sides, 
and  it  should  fit  over  the  flat-sided 
end  of  the  plug  without  looseness  or 
play,  so  that  when  the  plug  turns 
the  washer  will  turn  with  it.  If  there 
is  any  play  at  this  point,  it  will  tend 
to  loosen  the  screw  c  and  thus  spoil 
the  tightness  of  the  key.  It  is  a  very  common  mistake  to 
make  the  dimensions  of  the  washer  and  screw  too  small, 
causing  the  washer  to  wear  loose  quickly  when  the  screw  is 
properly  tightened  up.  The  head  of  the  screw  should  always 
be  made  large  enough  to  afford  a  good  hold  for  a  screwdriver. 
Keys  having  small  thin  washers,  or  screws  with  small  shallow 
slots,  should  be  rejected.     There  should   always  be  some 
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clearance  under  the  washer  and  under  the  screw  head,  so  that 

when  the  screw  is  tightened  up  they  will  never  come  to  a 

bearing  on  the  end  of  the  plug. 

An  important  detail  of  a  key  is  the  stop-pin  t.     This  pin 

projects  from  the  side  of  the  plug  and  engages  shoulders  cut 

on  the  body  of  the  socket,  thus  limiting  the  motion  of  the 
plug  to  one-half  turn,  always  stopping 
the  plug  when  the  key  is  fully  closed. 
This  pin  should  be  strongly  made,  so 
that  it  cannot  be  broken  easily.  A  key 
that  has  no  stop-pin  is  dangerous,  since 
it  is  quite  likely  to  be  left  open  a  little 
when  it  is  believed  to  be  closed.  Such 
a  key,  when  discovered,  should  not  be 
permitted  to  remain  in  use,  but  should 
'^''■"  immediately  be   repaired   or  replaced. 

The  plug  should  be  lubricated  with  mutton  tallow,  the  excess 

of  tallow  being  carefully  removed  from  the  passages  for  gas. 
The  diameter  of  the  hole  e  should  never  exceed  one-third 

the  diameter  of  the  plug  at  that  point.     If  the  hole  is  made 

larger,  the  bearing  surfaces 

are  so  reduced  that  the  key 

is  likely  to  become  leaky  in 

a  short  time. 

33.     Swivel- Joints. 

The  construction  of  swivel- 
Joints  is  shown  in  Pigs.  16 
and  17.  The  mode  of  secur- 
ing the  plugs  in  the  sockets  ( 
is  the  same  as  in  Fig.  15. 
Each  socket  is  provided  with 
a  groove  g,  which  permits  the 
gas  to  pass   freely  into  the  Fm.  i7 

bore  of  the  plug,  in  all  positions.  Fig.  16  shows  an  ordinary 
single  sii'ivel-joint,  and  Fig,  17  shows  the  arrangement  of  a 
double  swivel-joint  or  universal  joint.  The  plug  h.  Fig.  17, 
turns  in  a  socket  k,  formed  in  the  head  of  the  plug  m,  which 
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revolves  in  the  socket  /.     The  pipe  «  can  thus  swing  arotind 
the  axis  of  either  plug,  or  both,  at  the  same  time. 

This  construction  is  not  suitable  for  an  apparatus  that 
requires  a  large  supply  of  gas,  because  the  dimensions  become 
so  great  as  to  be  clumsy.    When  the  full  capacity  of  the  pipe  is 
required  to  carry  the  desired  amount  of  gas,  the  swivels  may 
be  constructed  substantially  as  shown  in  Fig.  18;  this  is  called 
a  full-bore  swivel.     The  sections  a  and  b  are  fitted  together 
with  a  conical  joint  c,  which  permits  complete  rotation.     The 
joint  is 'tightened  by  means  of  the 
bolt  d  and  nut  e,  and  if  it  becomes 
leaky  at  any  time,  it  can  be  readily 
reground-    The  passageway  for  gas 
is  equal  to  the  full  area  of  the  pipe 
at  all  points;  therefore,  it  offers  very 
little  obstruction  to  the  flow. 

34.     Pig.  19  shows  the  construc- 
tion of  a  ball  Joint,  which  pennits  fiq.  is 
the  tube  to  swing  to  a  limited  extent  in  any  direction,  and 
also  to  turn  on  its  own  axis.     The  tube  b  is  attached  to  a 
ball  c  that  is  confined  in  a  socket  d  by  means  of  a  screw- 
cap    e.     Packing    material, 
usually    a    cup     leather,     is 
employed  to  make  the  con- 
nection gas-tight  from  a  to  i. 
The  swing  of  the  tube  is  lim- 
ited by  the  size  of  the  hole  in 
the  cap  e.    This   class  of  a 
joint  is  often  used  at  the  top 
of    swinging    chandeliers,   a 
being    the    iron-pipe    drop 
piece  extending  through  the 
ceiling. 

35.     Chandeliers. — An 

extension,    or    telescopic, 

chaiiaeller    is    shown    in 

Fig.  20.     The  fixture  is  provided  with  two  tubes,  an  inner 
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one  a,  which  serves  to  conduct  gas  to  the  burners,  and  an 
outer  one  b,  which  has  a  cup  c  at  the  top  end.  The  space 
between  the  tubes  a  and  b  is  filled  with  a  liquid,  and  the 
supply  pipe  d  dips  below  its  surface  at  all  times,  thus  pre- 
venting the  gas  from  escaping.  The  pendant  is  held  up  by 
chains^  and  weights  /,  and  can  be  raised  or  lowered  as  desired. 


The  chains  are  provided  with  stops  to  prevent  the  pendant 
from  being  lowered  so  far  that  the  liquid  may  uncover  the 
end  of  the  pipe  d.  Instead  of  the  chains  and  weights,  coiled 
springs  (like  sash  balances)  are  frequently  used  to  sustain 
the  fixture.  The  liquid  may  be  either  oil,  glycerine,  or 
mercury;  water  is  unsuitable  because  it  evaporates  rapidly. 
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The  design  illustrated  in  Pig.  20  was  formerly  much 
1  use,  but  in  recent  years  it  has  given  place  to  that  shown  in 
Fig.  21.'  The  liquid  seal  is  replaced  by.  a 
stuffingbox  g  attached  to  the  top  of  the 
sliding  tube  k,  and  that  slides  gas-tight 
over  the  supply  tube  k.  The  outer  tube  m 
is  provided  with  a  collar  n  that  guides  the 
draw-tube  k  and  prevents  dust  from  enter- 
ing the  interior  and  settling  on  the  surface 
of  the  tube  h.  The  lubrication  of  the  tube 
and  stuffingbox  can  thus  be  maintained  for 
a  long  time.  As  the  tube  k  has  to  supply 
gas  only,  it  can  be  made  quite  small  in 
diameter.  The  devices  used  for  balancing 
or  sustaining  this  fixture  in  position  are  of 
many  kinds.  One  of  the  best  of  these 
is  a  friction  clutch  that  permits  the  draw- 
tube  to  slide  upwards  without  resistance, 
but  that  grips  it  and  prevents  it  from 
moving  downwards,  except  when  pulled 
down  by  force. 

37.    Another  design  of  chandelier  that 
serves  a  similar  purpose  is 
,  provided  with  a  small  sliding 
tube  that  usually  carries  only 
one   burner.     All    the   other 
Fioa  burners  are  carried  on  rigid 

arms  in  the  ordinary  manner  and  are  not  adjustable.  The 
sliding  tube,  however,  is  usually  so  slender  that  it  lacks  the 
strength  to  properly  support  the  weight  of  a  good  shade,  and 
it  is  difficult  to  keep  the  stuffingbox  gas-tight.  The  surface 
of  the  tube  being  somewhat  oily  after  sliding  through  the 
packing,  becomes  coated  with  dust,  and  the  dust  soon  spoils 
the  tightness  of  the  packing. 

38.*  The  drop  itKbt  shown  in  Fig.  22  is  to  be  preferred 
for  ordinary  uses,  such  as  for  reading  or  for  sewing  tables. 
It  consists  of  a  tube  of  suitable  length  having  a  burner  and 
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shade  at  its  lower  end  and  a  socket  or  cap  at  its  upper  end; 
this  socket  is  lined  with  rubber  and  is  adapted  to  fit  £:as-tight 
over  the  body  of  an  ordinary  burner.  The  socket  should 
always  be  quite  close  to  the  tube,  so  that  it  can  be  passed  up 
through  an  ordinary  globe  ring  or  holder.  The  tube  should  be 
offset  so  that  the  center  of  gravity  of  the  shade,  etc,  will  come 
directly  under  the  socket  without  tending  to  bend  the  burner 
to  which  it  is  attached.  The 
tip  should  be  removed  from 
the  burner  before  attaching  the 
socket  to  it.  Many  chandeliers 
are  provided  with  a  small  stiff 
bracket  made  especially  for  use 
on  drop  lights. 

39.     Gas  Are  Lamps. — A 

certain  form  of  gas  lamp,  par- 
tially because  it  is  designed  as 
a  substitute  for  the  electric  arc 
lamp  and  also  because  its  gen- 
eral appearance  is  similar  to 
that  of  the  electric  arc  lamp 
used  indoors,  is  known  to  the 
trade  as  a  gas  arc  lamp. 

The  gas  arc  lamp,  like  the 
electric  arc  lamp,  is  used  exten- 
■  sively  for  lighting  large  stores, 
halls,    auditoriums,   and   other 
large  rooms.    It  has  been  found 
'''"■^  to    give    a    more    steady   and 

more  satisfactory  light  than  the  electric  arc.  Fig.  23  shows 
a  gas  arc  lamp  used  for  indoor  service.  It  is  substantially 
composed  of  a  cluster  of  incandescent  burners  a  supplied 
with  gas  through  a  tube  b  suspended  from  the  ceiling.  The 
tube  b  is  screwed  into  a  distributing  socket  that  feeds  the 
arms  c  to  which  the  burners  are  attached.  The  air  and  gas 
checks  are  located  at  the  base  of  each  burner  below  the 
gallery  d  that  supports  the  globe  e  and  shade  /.     The  air 
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supply  to  the  globe  is  obtained  through  the  gallery  and  lower 
neck  of  the  globe;  the  products  of  combustion  escape  to  the 
atmosphere  through  the  top  of  a  sheet-metal  chimney  g,  as 
shown  by  arrows.  If  the  top  of  the  arc  is  within  4  feet  of  the 
ceiling,  it  is  advisable  to  place  a  shield  on  the  tube  b  that  will 
diffuse  the  current  of  hot  air  and  reduce  its  temperature  before 
it  reaches  the  ceiling;  otherwise,  a  shield  is  seldom  used. 


40.  The  candlepower  of  gas  arc  lamps  can  be  arranged 
to  suit  the  requirements.  Ordinarily,  they  are  made  from 
400  to  600  candlepower,  and  are  built  up  of  four  or  six  100- 
candlepower  burners,  as  required.  A  very  powerful  lamp 
can  be   made  up  of   ten   120-candIepower   burners,  giving 


D.qit.zeaOvGoOt^lc 


30  DOMESTIC  USES  OF  GAS  §14 

1,200  caadlepower  in  all.  Fig.  23  shows  a  lamp  that  will 
emit  about  400  candlepower,  which  is  usually  sufficient  for 
general  illumination.  The  lamp  should  be  suspended  at 
least  8  feet  above  the  floor.  The  gas  is  turned  on  by  pulling 
down  the  rings  in  accordance  with  printed  instructions  given 
with  each  lamp.  In  the  lamp  shown,  all  the  burners  are 
lighted  simultaneously  by  pulling  on  the  lower  ring.  By 
pulling  on  the  ring  at  the  right,  which  has  a  different  color 
from  the  ring  at  the  left,  all  the  burners  are  shut  oflE  except 
one.    By  pulling  the  other  ring  the  burners  are  all  shut  off. 

41.  Gas  arcs  should  always  be  provided  with  a  pilot 
liKht,  which  should  bum  night  and  day.  Since  this  light  con- 
sumes only  about  1  cubic  foot  of  gas  in  24  hours,  the  cost  of 
the  pilot  light  need  not  be  considered.  The  pilot  light  makes 
the  gas  arc  as  convenient  as  the  electric  arc,  while  the 
feature  of  being  able  to  leave  one  burner  lighted  while  all 
the  rest  are  shut  off  is  a  decided  advantage  over  the  electric 
arc  which  can  only  burn  at  its  full  candlepower.  To  renew 
mantles  on  this  form  of  fixture,  the  globe,  shade,  and  chim- 
ney can  be  raised  on  the  rod  6;  and  to  clean  the  globe, 
it  can  be  lowered.  

DBTAIL8    OF    GAS    FIXTUHBS 

42.  Igniters. — The  object  of  an  iKuIter  is  to  automatic- 
ally ignite  the  gas  as  soon  as  it  is  turned  on.  This  is 
accomplished  in  two  ways:  (1)  by  allowing  a  small  quantity 
of  gas  to  burn  constantly  inside  the  lamp;  and  (2)  by  pro- 
ducing a  flame  or  spark  that  will  automatically  ignite  the 
gas  when  it  is  turned  on.  The  former  is  the  simplest, 
cheapest,  and  most  common  plan.  Igniters  are  used  for 
lighting  gas  burners  either  singly  or  in  groups,  and  are 
designed  to  save  the  time  and  labor  that  would  be  required 
to  light  them  by  hand. 

43.  A  sclf-llKhtlnfi:  eas  burner  is  shown  in  Pig.  24. 
The  key  is  so  made  that  the  gas  can  never  be  entirely  shut 
off,  and  when  it  is  turned  to  extinguish  the  light,  a  small 
amount  of  gas  is  still  allowed  to  pass — enough  to  maintain 
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a  ver;^  small  flame  at  the  tip  of  the  burner.     In  order  to 

protect  this  little  Same  from  extinction  by  drafts  of  air,  it 

is  enclosed  by  a  cap  or  globe  g.     When  the  burner  is  in 

full  operation,  the  globe  drops  below  the  ' . 

flame  to  the  position  shown;  but  when  the 

lever  b  is  reversed  to  shut  off  the  gas, 

the  link  d  operates  to  raise  the  globe  above 

the  top  of  the  burner,   thus   shielding  the 

little  flame  from  accidental  extinction.    The 

lower  end  a  is  a  socket,  threaded  to  fit 

the  ordinary  fixture.     The  fixture  to  which 

this  bnrner  is  attached  must  be  provided 

with  a  key,  as  usual,  so  that  the  burner  may 

be  entirely  extinguished  when  desired. 

Sunlights  and  other  large  groups  or  clus- 
ters of  burners  are  usually  lighted  in'  a 
similar  manner.  When  the  cluster  is  extin- 
guished, one  small  tip  is  left  burning,  and  this 
serves  to  relight  the  whole  group  when  the 
gas  is  again  turned  on.  This  small  burner  is 
supplied  with  gas  by  a  separate  pipe.  The 
'  supply  of  gas  to  all  the  other  burners  is 
controlled  by  a  single  cock,  so  that  they  may  i^o-m 

be  turned  down  simultaneously,  and  may  be  extinguished  or 
promptly  relighted  whenever  desired. 

44.  A  simple  by-pass  gas-cock,  similar  to  that  shown 
in  Fig.  24,  may  be  used  for  incandescent  lamps,  the  only 
difference  being  that  c,  d,g,  and  the  burner  tip  are  removed. 
The  Bunsen  tube  of  the  incandescent  burner,  instead  of  the 
plain  burner  shown,  is  screwed  on  the  top  of  the  by-pass 
cock.  When  the  by-pass  cock  is  shut  (the  cock  on  the  gas 
fixture  being  open),  sufficient  gas  escapes  to  form  a  very 
small  blue  tlame,  or  cap,  on  the  top  of  the  Bunsen  tube, 
inside  and  at  the  base  of  the  mantle.  When  the  cock  is 
opened,  this  flame  is  increased  to  the  full  size  and  the 
mantle  at  once  becomes  incandescent.  There  is  a  danger 
connected  with  this  type  of  igniter,  namely,  that  a  slight 
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draft  of  air  against  the  air  openings  of  the  Bimsen  tube  may 
dilute  the  gas  and  air  mixture  to  such  an  extent  that  the 
small  tlame,  or  pilot  light,  will  be  extinguished. 

A  yellow-tlame  pilot  light  is  more  positive  than  a  blue- 
flame  light,  because  it  cannot  be  extinguished  so  easily. 
The  yellow  flame  is  obtained  by  a  small  tube  that  supplies 
the  pilot  light  with  gas  taken  directly  from  the  by-pass  cock 
or  the  gas  space  below  it. 

There  are  two  general  types  of  yellow  pilot  lights:  one  is 
fed  by  a  small  pipe  extending  up  from  the  by-pass  through 
the  Bunsen  tube  and  into  the  space  within  the  mantle;  the 
other  is  fed  by  a  small  tube  a.  Pig.  25, 
led  up  from  the  by-pass  cock  outside  of 
the  burner  to  a  point  near  the  mantle. 
A  small  yellow  flame  bums  at  the  top  of 
this  tube  constantly  and  immediately  ig- 
nites the  gas  when  the  by-pass  cock  is 
opened.  The  glass  globe  b  protects  the 
pilot  light  from  drafts.  The  construction 
of  the  by-pass  may  be  such  that  the  pilot 
light  is  extinguished  only  when  the  mantle 
is  incandescent. 

45.     There  are  numerous  igniting  de- 
vices that  operate  by  means  of  electricity. 
Two  methods  are  in  use:    (1)  an  electric 
spark    is    caused    to    flash    through    the 
stream  of  gas  issuing  from  each  burner, 
thus   igniting    it;     (2)    a   small   piece   of 
platinum  wire  is  heated  to  incandescence 
near  the  tip  of  each  burner,  the  electricity 
being  turned  on  after  the  gas  issues  from 
the  burners,  and  shut  oil  as  soon  as  the 
lights  appear.    They  are  useful  chiefly  for 
lighting   burners    that    are    but    infrequently    used,    as   in 
churches;  also,  for  burners  that  are  exposed  to  the  weather, 
as  on  porches,  piazzas,  and  driveways.     They  are  usually 
attached  to  the  burners  and  wired  by  electricians. 
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46.  Safety  Burners. — A  device  that  is  designed  to  auto- 
matically close  a  valve  and  shut  off  the  flow  of  gas  from  the 
burner  when  the  flame  is  accidentally  extinguished,  is  known 
as  a  safetf  burner.     Numerous   devices  of 

this  kind  have  been  patented,  but  few  of  them 
will  operate  with  sufllicient  certainty  to  be 
worthy  of  confidence.  Nearly  all  safety  burners 
employ  bars  of  metal  or  other  substances  that 
are  expanded  by  the  heal  of  the  flame,  and 
while  in  that  condition  hold  the  gas  valve  open. 
When  the  flame  goes  out,  the  expanding  body 
contracts  by  cooling  and  permits  the  valve  to 
close. 

One  of   the   most    simple   automatic   safety 
burners  is  that  shown  in  Fig,  26.    It  is  simply  an 
ordinary  bat's-wing  or  other  form  of  a  burner 
tip  fitted  with  a  disk  a  and  a  coiled  platinum        ^'°-  ^ 
spring  b.     When  the  spring  is  cold,  it  draws  a  to  its  seat  and 
shuts  off  the  gas.     When  it  is  heated  the  spring  expands 
and  pushes  down  the  valve,  thus  opening  a  passage  for  the 
flow  of  gas.     The  edge  of  the  gas  flame  touches  the  spring 
and  keeps  it  heated,  but  the  moment  the  gas  is  extinguished, 
whether  shut  off  at  the  gas-cock  or  blown  out  by  accident  or 
ignorance,  the  valve  will  quickly  take  its  seat. 

Safety  burners  are  particularly  valuable  where  there  is  a 
liability  of  the  gas  flames  being  extinguished  by  drafts  or 
otherwise.  If  the  gas  supply  is  interrupted  or  shut  off, 
every  burner  is  extinguished,  but  the  keys  are  not  closed. 
When  the  gas  flows  again  into  the  house  pipes,  it  streams 
out  of  each  open  burner,  and  in  many  instances  does 
great  damage  by  causing  explosions  or  by  suffocating  the 
inmates  of  the  building. 

47.  Chimneys.— Cylinders  made  of  glass  or  other 
transparent  material,  such  as  mica,  are  used  on  gas  fixtures 
to  increase  the  velocity  of  the  air  moving  around  a  gas  flame, 
and  are  known  as  cblmneys.     They  also  steady  the  flame 

'  and  are  much  used  with  Argaod  burners.      Chimneys   are 
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used  to  enclose  incandescent  mantles,  and  are  durable  when 
made  of  good  glass.  In  places  where  glass  chimneys  are 
subject  to  side  drafts  of  cool  air  they  are  liable  to  crack 
because  one  side  of  the  chimney  becomes  cooler  than  the 
other.  In  such  cases  it  is  advisable  to  use  chimneys  made 
of  mica. 

48.  Globes. — The  primary  object  of  enclosing  a  gas 
bnmer  within  a  globe  is  to  protect  the  flame  from  interfer- 
ence by  drafts  of  air.  A  globe,  however,  also  acts  as  a 
chimney  and  causes  a  strong  upward  current  of  air  to  flow 
through  it.  If  the  dimensions  of  the  globe  are  not  suited  to 
the  size  of  the  flame,  the  air-current  will  cause  the  flame  to 
flicker  badly,  and  the  globe  then  becomes  a  detriment  instead 
of  an  advantage. 

The  opening  at  the  top  or  bottom  of  a  globe  should 
never  be  less  than  4  inches  in  diameter  for  an  ordinary  5-foot 
bat's-wing  or  union-jet  burner,  and  a  larger  size  is  still  better. 
Much  smaller  openings  can  be  employed  satisfactorily  for 
incandescent  burner  globes. 

Globes  are  often  required  to  serve  the  purposes  of  shades, 
to  modify  and  soften  the  light.  For  this  purpose  the  outer 
surface  of  the  glass  is  etched;  or  ground  or  colored  glass  is 
employed.  These  globes  obstruct  the  light,  the  loss  being 
about  as  follows:  Ground  glass  globes,  10  to  30  per  cent.; 
opal  glass  globes,  30  to  40  per  cent.;  colored  glass  globes, 
40  to  60  per  cent. 

Globes  of  clear  glass  obstruct  the  light  somewhat;  but,  if 
the  globe  is  properly  proportioned,  the  intensity  of  the  light 
will  be  increased  by  the  draft  that  it  creates,  and  the  increase 
of  light  will  counterbalance  the  loss  by  obstruction.  There 
is  a  great  variety  of  globes  in  the  market,  differing  chiefly 
in  shape  and  ornamentation.  Their  selection  is  purely  a 
matter  of  taste,  and  can  advantageously  be  left  to  the  lady  of 
the  house. 

49.  Ditfiiston  tplobos  are  such  as  are  constructed  to 
diffuse  the  light  advantageously  throughout  a  room  and 
reduce  the  apparent  intensity  of  the  flame.     The  class  known 
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as  the  Holophane  globes  is  characteristic  of  this  type.  These 
globes  are  made  in  man}?  shapes,  but  the  feature  essential  in 
all  is  a  prismatic  form  of  the  glass,  which  gives  the  globes  a 
corrugated  appearance.  The  prismatic  projections  bend  the 
rays  of  light  and  guide  them  toward  the  parts  of  the  room 
that  require  the  increased  illumination.  Fig.  27  shows  a 
Holophane  globe  a  attached  to  an  incandescent  burner.  The 
beams  of  light  from  the  incandescent  mantle  are  bent  in  all 
directions,  both  by  reflection  and  refraction,  particular  care 
being  taken  to  bend  a  large  number  of  them  downwards,  as 
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shown,  to  illuminate  the  space  that  would  otherwise  Ij3 
shaded  by  the  burner  and  gallery. 

A  properly  constructed  globe  of  this  class  will  diffuse  the 
light  so  perfectly  that  the  flame  cannot  be  seen;  the  globe 
will  apparently  become  incandescent,  but  not  be  so  intense 
as  the  actual  flame  inside. 

50.  Sbades. — In  order  to  prevent  the  light  from  passing 
Qpwards,  and  to  reflect  a  considerable  part  of  it  downwards, 
a  fixture  known  as  a  shade  is  used.  It  is  therefore  desir- 
able that  the  under  side  of  the  shade  should  have  a  good 
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reflecting  sarface.  For  table  and  desk  lights,  the  shades 
should  be  made  of  opaque  material,  and  should  act  as 
reflectors  only. 

Fig,  28  shows  an  ordinary  incandescent  burner  equipped 
with  a  chimney  a  and  an  8-inch  crimped  opaque  shade  b. 
Suflicient  light  passes 
through  the  shade  to 
prevent  a  dark  shadow 
on  the  ceiling;  a  large 
portion  of  the  light  is 
reflected  downwards, 
however,  anql  pre- 
vents a  shadow  being 
cast  by  the  burner. 

The  color  of  globes 
and  shades  is  a  mat- 
ter of  some  impor- 
tance. If  translucent 
shades  are  used,  they 
should  be  either  white 
or  opal.  Red,  green, 
"■  and     blue     shades 

should  not  be  used,  because  of  the  bad  effect  of  the  colored 
light  on  the  eyes;  red  light,  especially,  is  very  tiresome  to 
sensitive  persons. 

The  central  opening  in  the  top  of  the  ordinary  shades 
permits  a  considerable  portion  of  the  light  to  pass  upwards 
to  the  ceiling.  When  it  is  desired  to  prevent  this,  top 
reflectors,  as  shown  at  a.  Pig.  14,  may  be  used  to  intercept 
the  light  and  throw  it  downwards. 

51.  Shields. — The  distance  between  an  ordinary  gas 
burner  and  the  ceiling  should  be  not  less  than  3  feet.  If  a 
less  distance  is  unavoidable,  the  ceiling  should  be  protected 
by  a  metal  shield  to  prevent  its  being  scorched  or  burned. 
The  shield  should  be  separated  from  the  ceiling  by  a  clear 
space  of  at  least  2  inches,  to  permit  air  to  circulate  between 
it  and  the  ceiling.     Even  when  a  shield  is  provided,  a  gas 
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flame  should  not  be  permitted  at  a  distance  less  than  18  inches 
Ijelow  the  ceiling. 

If  a  gas  flame  is  liable  to  come  into  accidental  contact  with 
inflammable  materials,  such  as  curtains  or  drapery  blown  by 
the  wind,  or  hay  and  straw  in  stables,  etc.,  it  should  be  pro- 
vided with  a  glass  globe.  ^^^  should  also  be  enclosed  within 
a  stout  wire  cage  at  least  10  inches  in  diameter.  The  only 
safe  way  to  determine  the  proper  size  of  the  wire  guard  is  to 
test  it  by  holding  pieces  of  cloth  or  paper  against  it.  If  the 
material  can  be  set  on  Are,  the  guard  should  be  made  larger. 


LOCATING    QAS    PIXXURBa 

52.  The  chief  considerations  that  govern  the  location  of 
gas  fixtures  are:  (1)  that  they  shall  light  the  rooms  to  the 
best  advantage,  and  (2)  that  they  shall  cause  no  danger 
from  fire. 

In  lighting  bedrooms,  the  fixtures  should  be  located  so  that 
the  bed,  wardrobe,  dressing  case,  mirror,  etc.  may  be  placed 
in  desirable  positions  without  interfering  with  the  light.  The 
positions  of  the  closets  should  be  noted,  and,  if  practicable, 
the  light  should  be  arranged  to  shine  into  them,  so  that  the 
contents  may  be  easily  seen. 

Dressing  mirrors  should  be  provided  with  two  stiff  bracket 
lights,  one  at  eaoh  side.  They  should  be  placed  as  high  as 
they  can  conveniently  be  reached,  in  order  to  properly  illu- 
minate the  head  and  shoulders  of  the  person  using  the  mirror. 

In  bathrooms,  the  lights  should  be  set  high,  so  that  a  per- 
son will  not  be  liable  to  strike  them  in  taking  off  or  putting 
on  clothing.  A  light  should  not  be  located  over  a  bathtub 
or  a  wash  bowl,  or  anywhere  near  them,  because  of  the 
liability  to  accident. 

Stairways  should  be  provided  with  a  light  at  the  top, 
whether  there  is  one  at  the  bottom  or  not.  A  light  on  the 
newel  post  alone  is  not  suflicient  to  properly  illuminate  the 
steps.  People  having  defective  sight  are  especially  liable 
to  accident  on  stairways,  and  the  light  should  be  arranged  so 
as  to  avoid  all  shadows  that  might  prove  deceptive. 
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A  kitchen  or  laundry  should  be  lighted  by  pendants  when- 
ever practicable.  If  side  lights  must  be  used,  they  should 
not  be  placed  over  the  sink  or  near  enough  to  it  to  be  liable  to 
be  struck,  or  be  splashed  with  water.  A  side  light  should 
not  be  placed  over  a  set  of  tubs  if  it  can  be  avoided.  The 
stairway  leading  from  the  kitchen  to  the  basement  or  cellar 
should  be  lighted  by  a  burner  that  is  located  some  distance 
away  from  the  foot  of  the  stairs.  If  the  light  is  near  the  foot 
of  the  stairs,  it  is  very  apt  to  be  struck  when  large  articles 
are  carried  past  it. 

Hallways  are  best  lighted  by  a  pendant;  if  a  side  light  is 
used,  it  should  be  placed  where  it  will  not  interfere  with  tbi 
coat  rack,  mirror,  or  other  hall  furniture.  A  pendant  in  a 
hallway  or  vestibule  should  be  set  so  high  that  the  globes  will 
not  be  liable  to  be  knocked  off  by  a  person  who  is  putting 
on  an  overcoat,  etc. 

Chandeliers  should  be  hung  from  the  center  of  the  ceiling, 
as  nearly  as  practicable.  If  several  side  lights  are  used  in 
the  same  room,  they  should  be  placed  at  the  same  height. 

Swing  brackets  should  not  be  used  for  lighting  hallways, 
stairs,  vestibules,  or  other  passageways,  because  of  the 
danger  from  fire.  The  light  is  very  liable  to  be  swung  too 
close  to  the  wall,  and  to  be  overlooked  until  the  building  is 
set  on  fire.  Swing  brackets  are  always  a  source  of  danger 
when  they  are  located  within  reach  of  woodwork  or  drapery, 
and  therefore  are  not  to  be  recommended  for  general  use. 
It  is  preferable,  in  most  cases,  to  use  instead  two  single 
lights  on  stiff  brackets,  or  else  a  bracket  having  two  or 
more  rigid  arms  with  fixed  lights. 

A  gas  fixture  should  never  be  placed  in  a  closet  or  other 
very  small  room,  if  there  is  any  chance  that  the  door  may  be 
closed  and  the  light  left  burning.  If  that  should  happen,  the 
temperature  would  rise  rapidly,  and  there  would  be  great 
danger  of  setting  fire  to  any  combustible  material  that  might 
be  in  the  room. 

Care  should  be  taken  in  locating  side  tights  to  make  sure 
that  wooden  doors  cannot  be  swung  back  against  them,  and 
be  scorched  or  set  on   fire.     Lights  should  not  be  placed 
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where  they  may  be  blown  out  by  strone  drafts  of  air,  or  by 
the  sadden  slamming  of  a  door.  A  gas  burner  when  extin- 
guished with  a  full  head  of  gas  on  is  very  dangerous. 

Hot-air  registers  in  the  floor  or  wall  should  be  carefully 
avoided  in  locating  gas  fixtures.  If  a  light  is  over  or  near 
a  register,  it  will  flicker  incessantly,  and  will  be  a  great 
annoyance. 

The  proper  height  of  gaslights  above  the  floor  depends 
somewhat  on  circumstances.  In  ordinary  dwellings  having 
a  ceiling  9  feet  high  or  more,  side  lights  should  be  placed 
from  bi  to  6  feet  high.  Pendants  may  be  hung  from  6i  to 
7  feet  from  the  floor.  If  the  rooms  are  large  and  high,  the 
lights  of  chandeliers  may  be  placed  at  a  height  of  from 
7  to  8  feet,  or  even  more.  Of  course,  all  lights  above  7  feet 
high  will, require  the  assistance  of  a  torch  or  step  ladder  to 
light  them. 

Side  lights  in  hallways  and  vestibules  of  churches  and 
similar  buildings  should  be  placed  at  a  height  of  at  least  7  feet. 

Low  lights  should  be  avoided,  because  they  are  tiresome 
to  the  eyes.  If  they  must  be  used,  they  should  be  provided 
with  opaque  shades.  

LIGHT 


PROPERTIES    OF    LIGHT 

53.  Light  diminishes  in  intensity  as  it  recedes  from  the 
luminous  body,  the  law  governing  the  diminution  being: 
the  intensily  varies  inversely  as  the  square  of  the  distance  from 
the  source  of  light. 


Thus,  if  the  two  equal  surfaces  A  and  B,  Fig.  20.  be  illu- 
minated by  the  same  lamp,  A  being  2  feet  away  from  it 
and  B  4  feet,  then  B  will  receive  less  light  than  A,  in  inverse 
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proportion  to  the  squares  of  their  relative  distances,  or  in  the 

16       4" 

That  this  law  mast  be  true  is  evident  from  an  inspection 
of  the  figure.  The  light  that  is  intercepted  by  A,  if  permitted 
to  proceed,  will  illaminate  an  area  at  B  that  is  twice  as  high 
and  twice  as  wide  as  A.  The  same  amount  of  light  is  thus 
spread  over  four  times  the  area  of  surface,  and  consequently 
it  can  have  but  one-fourth  the  brilliancy. 

54,  Light  proceeds  from  a  luminous  body  equally  in  all 
directions.  It  always  moves  in  straight  lines  unless  the 
medium  through  which  it  passes  varies  in  density.  Thus,  if 
it  passes  through  a  body  of  air  that  is  warmer  in  one  part 
than  in  another  it  will  be  deflected,  and  the  object  viewed 
will  appear  out  of  its  true  position. 

55.  When  light  falls  obliquely  on  a  plate  of  glass,  its 
direction  is  changed  within  the  interior  of  the  glass;  this 
change  of  direction  is  called  refraction.  When  the  light 
emerges  from  the  opposite  surface  of  the  glass,  its  direction 
is  again  changed.  If  the  surfaces  are  parallel,  the  light  will 
resume  its  former  direction,  as  shown  at  A,  Fig.  30;  but,  if 


FiO.M 

they  are  not  parallel,  the  ray  will  be  permanently  defiected 
from  its  course,  as  shown  at  B  in  the  same  figure.  On 
entering  the  glass,  the  ray  of  light  a  will  be  bent  or  refracted 
to  the  line  o',  thus  making  a  larger  angle  with  the  surface  of 
the  glass  than  the  original  ray.  When  it  leaves  the  glass, 
it  will  be  again  bent,  but  to  a  smaller  angle  with  the  surface 
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from  which  it  emerges.  If  an  object  at  the  point  e,  in  either 
case,  be  looked  at  from  the  point  a,  it  will  appear  to  be 
located  at  ^. 

The  refractive  powers  of  glass,  ice,  crystals,  water,  oil, 
and  gas  differ  greatly.  Any  of  these  substances  may  be 
employed,  in  the  form  of  lenses,  to  concentrate  or  disperse 
light.  A  certain  kind  of  crystal  called  Iceland  spar  refracts 
light  twice  simultaneously,  causing  objects  seen  through  it  to 
appear  double. 

56.  Light  that  is  scattered  in  many  directions  is  said  to 
be  dispersed.  Thus,  light  is  dispersed  by  reflecting  it  from 
a  roughened  or  corrugated  surface,  or  by  transmitting  it 
through  a  shade  or  screen  of  glass  having  a  frosted  or  corru- 
gated surface.  Light  that  is  transmitted  through  white  or 
opal  glass  is  not  dispersed,  but  is  merely  reduced  in  intensity. 
Usually,  however,  the  surfaces  of  such  shades  are  corrugated, 
and  more  or  less  dispersion  is  produced  thereby.  One 
of  the  best  materials  for  dispersing  light  is  frosted  or 
ground  glass. 

57.  When  light  falls  on  a  mirror,  part  of  it  will  be  turned 
back  or  turned  aside  from  its  original  path.  This  change  of 
direction  is  called  reflection.  The  proportion  of  light  that 
will  be  reflected  varies  with  different  materials,  with  the  condi- 
tion of  the  reflecting  surface,  and  with  the  angle  at  which  the 
light  strikes  ,the  reflector. 

The  ray  of  light  that  proceeds  from  the  source  of  light  to 
the  mirror,  as  a  b.  Fig.  31,  is  called   g^  * 

the  ineident  ray,  and  the  ray   that     \  / 

is   reflected,    as   b  c,    is    called   the 
reflected  ray.  \ 

The  law  that  governs  the  direction 
of  the  reflected  ray  is  as  follows: 
The  angle  made  by  the  reflected  ray  „ 

with  the  surface  of  the   mirror   will  f    'j>'     \ 

always  equal  thai  made  by  the  inci-  ** 

dent  ray;  that  is,  the  angle  /  always  ^"^- " 

equals  the  angle  e.     If  the  mirror  is  ciu^ed,  as  in  Pig,  32,  the 


/ 
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angles  are  measured  to  tbe  line  A  i,  which  is  a  true  tangent 
to  the  curve  at  the  point  b,  where 
the  ray  strikes  the  mirror. 

58.  Reflectors  should  be  made 
of  brightly  polished  metal,  or  of  sil- 
vered glass  attached  to  a  metal 
frame  or  backing.  The  silvered 
glass  will  not  endure  much  heat; 
consequently,  the  polished  metal 
should  be  used  if  the  heat  from  the 
^"***  burners  is  likely  to  be  excessive. 

The  most  effective  reflectors  are  those  having  the  outline 

of    a  parabola,  with    the   flame  at 

the  focus.    All  the  rays  that  are 

received  on  the  reflector  are  then 

reflected  in  parallel  lines,  as  shown 

in  Fig.  33.     The  angles  formed  by 

the  dotted  lines  a  l,  a  2,  a  3,  etc,  are  i 

all  equal;  consequently,  the  volumes 

of  light  reflected  through  the  spaces 

enclosed     by    the   dotted     parallel 

lines  are  also  equal. 

Fig.    34    shows   a  parabolic    re- 
flector designed  for  a  sunlight.    It  is  ''■°-  ** 

made  in  halves  that  are  separated  a  distance  equal  to  that 

between  the  centers  of  the  gas  flames  a  and  b. 

Large  and  expensive  reflectors  are  often  erected  with  very 

unsatisfactory  results.     The  trouble  usually  arises  from  the 


fact  that  no  effort  was  made  to  adapt   the   shape  of   the 
reflector  so  as  to  produce  the  effect  desired. 
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ABTtFICIAIj    ILLDH I  NATION 

59.  General  Considerations. — The  ideal  condition  in 
artificial  illumination  is  to  have  the  light  coining  from  over- 
head, and  to  have  it  sp  thoroughly  diffused  that  no  object 
in  the  room  shall  appear  conspicuously  brighter  than  any 
other.  While  it  is  impracticable  to  attain  this  ideal  con- 
dition with  the  means  at  hand  at  the  present  time,  yet  this 
principle  should  be  kept  always  in  mind  so  that  mistakes  in 
lighting  may  be  avoided. 

Lights  of  great  brilliancy,  such  as  electric  arc  lights, 
not  only  dazzle  the  eye  but  frequently  produce  blindness. 
Oculists  strongly  condemn  these  lights,  because  they  impair 
the  vision  of  persons  using  them.  The  trouble  is  due 
mainly  to  the  brilliancy  of  the  light.  In  using  artificial 
lights  for  illumination,  the  aim  should  be  to  illuminate  all 
objects  within  the  ordinary  field  of  vision  to  about  the  same 
degree  of  brilliancy  as  that  afforded  by  diffused  daylight. 
Objects  that  are  lit  up  by  direct  sunlight  are  usually  too  ■ 
bright  to  look  at  continuously. 

The  flames  of  gas  burners  or  lamps  are  much  too  bright 
to  be  looked  at  directly;  therefore,  they  should  be  screened, 
so  that  whatever  light  reaches  the  eye  shall  be  reduced  to  a 
moderate  intensity. 

The  physiological  effect  of  a  light  that  shines  in  the  eyes 
of  a  person  that  is  looking  at  something  else,  is  to  produce 
considerable  nervous  irritation  and  fatigue,  if  long  con- 
tinued. Thus,  if  a  gas  burner  or  kerosene  lamp,  or  any 
bright  object,  comes  within  the  ordinary  field  of  vision 
while  a  person  is  listening  to  an  address,  and  is  looking 
toward  the  speaker,  it  will  cause  a  great  deal  of  uneasiness. 
A  few  lights  thus  misplaced  will  fatigue  an  audience  to  a 
greater  degree  than  is  generally  supposed.  Therefore,  all 
lights  located  in  the  vicinity  of  a  person  addressing  an 
audience,  either  above  or  behind,  or  at  either  side,  should 
be  fully  covered  by  opaque  screens  that  will  prevent  any 
light  from  passing  toward  the  audience.  While  the  irritating 
brilliancy   of   such   lights   may  be  mitigated  by  means  of 
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globes  of  white  or  opal  glass,  they  contiDue  to  be  con- 
spicuously bright  and  are  very  objectionable.  The  best 
result  is  obtained  by  using  opaque  screens  that  reflect  the 
light  back  on  the  platform.  For  similar  reasons,  all  chan- 
deliers or  pendants  should  be  hung  so  high  that  the  lights 
will  not  come  within  the  field  of  vision  of  any  person  look- 
ing toward  the  platform  or  speaker. 

Large  audience  rooms,  such  as  churches  and  lecture 
rooms,  can  be  illuminated  to  best  advantage  by  means  of 
groups  of  small  burners  located  near  the  ceiling  and  pro- 
vided with  proper  reflectors  to  project  the  light  downwards. 
These  sunlights  may  be  arranged  in  various  forms  and  can 
be  adapted  for  almost  any  kind  of  service.  Their  light  is 
more  agreeable  than  that  from  a  single  burner  of  equal 
power,  because  it  proceeds  from  a  large  number  of  flames  and 
is  thus  so  diffused  that  the  shadows  are  very  soft  or  indistinct. 

This  method  of  lighting  is  correct  in  principle,  and  it 
should  be  employed  for  domestic  lighting  to  a  much  greater 
extent  than  at  present.  While  there  are  some  difficulties  in 
carrying  out  the  plan  on  a  small  scale,  yet  these  should  act 
as  a  stimulus  to  invention  rather  than  as  a  bar  to  improve- 
ment. The  introduction  of  the  modem  high-power  lamps, 
such  as  the  Wenham  regenerative  and  the  Welsbach  incan- 
descent lamp,  makes  it  necessary  that  great  improvements 
be  made  in  the  methods  of  distributing  and  diffusing  light. 
There  is  great  need  of  such  improvements  for  domestic 
illumination. 

Flat  gas  flames,  when  turned  horizontally,  give  a  brighter 
illumination  to  objects  below  them  than  when  burning  in  the 
ordinary  erect  position.  The  gas  flames  in  overhead  sun- 
lights should  always  be  horizontal. 

60.  Amount  of  Ulght  Required. — Rooms  having 
dark-colored  walls,  or  having  much  colored  drapery,  will 
require  more  light  than  they  would  if  finished  in  white. 
The  white  walls  reflect  and  disperse  the  light,  thus  aiding 
the  general  illumination,  while  colored  walls  reflect  less  in 
proportion  to  the  brightness  of  their  coloring. 
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61.  The  rale  commonly  used  for  computiug  the  number 
of  ordinary  5-foot  bat's-wing  burners  that  will  be  required  to 
properly  illuminate  a  church  or  other  large  room  is  as  follows: 

Kule. — Divide  the  area  of  the  lloffi  of  the  room,  in  square 
feel,  by  40;  the  quotient  will  be  the  number  of  burners  required, 

where   N  =  number  of  burners; 

A  =  floor  area,  in  square  feet. 

If  there  are  balconies,  etc.,  extra  lights  must  be  provided 
for  them  by  the  same  rule.  The  divisor  given  may  be  varied 
from  40  to  80  to  suit  the  smaller  rooms  found  in  ordinary 
dwellings.  The  reflection  from  the  walls  is  proportionally 
greater  in  small  rooms;  therefore,  a  smaller  number  of 
burners  is  required  in  proportion  to  the  actual  floor  space. 
One  5-foot  burner  is  assumed  to -give  a  light  of  16  candle- 
power.  The  amount  of  light  required  is  therefore  from 
16  candlepower  to  a  floor  space  of  40  square  feet  in  large 
rooms,  to  80  candlepower  in  small  ones,  or  from  .4  to  .2 
candlepower  per  square  foot  of  floor  space. 

EXAMFLB.— How  many  6-foot  bat's-wing  burners  will  be  required  to 
properly  illuminate  a  church  having  an  auditorium  70  feet  by  100  feet, 
and  a  balcony  having  2,000  sqaare  feet  floor  area? 

Solution. — Applying  the  rule,  N  =  — r^ —  =  176  burners    for 

the  main  floor,  and  iV  =  - '-—  =  50  burners  for  the  balcony;  hence, 

175  -I-  50  =  225  burners  will  be  required.    Ana. 

62.  To  find  the  number  of  ordinary  incandescent  burners 
required  to  illuminate  a  certain  room  the  following  rule  may 
be  applied: 

Bale. — Divide  ike  area  of  the  floor  of  the  room,  in  sqaare 
feet,  by  160;  Ike  quotient  will  be  the  number  of  burners  required. 

"=^ 

where   N  =  number  of  incandescent  burners; 
A  >c  fioor  area,  in  square  feet. 
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The  foregoing  rule  refers  to  the  use  of  high-grade  mantles 
that  will  give  a  light  eqnal  to  at  least  60  candlepower. 

BxAMPLB. — How  toAoy  JDcandesceat  bDmers  will  lie  required  for  a 
store  20  feet  wide  and  60  feet  long? 

Solution.— By  the  rale  jnst  given, 


HBASUBBUENT    OF    LIGHT 

63.  Definitions. — Light  can  be  measured  only  by  its 
illumiiiating  effects.  As  it  cannot  be  absorbed  and  stored, 
as  may  be  done  with  heat,  quantitative  measurements  are 
impossible.  The  capacity  of  the  human  eye  for  the  percep- 
tion of  light  is  comparatively  small.  It  is  unable  to  perceive 
very  faint  lights,  and  it  is  dazzled  and  confused  by  lights  of 
great  brilliancy.  Photographic  plates  are  affected  by  faint 
lights  that  are  invisible  to.the  eye;  thus,  photographs  of  the 
sky  reveal  a  multitude  of  stars  that  are  not  visible  even  with 
the  aid  of  the  strongest  telescopes.  The  unaided  eye  is 
unable  to  judge  of  the  relative  intensity  of  various  lights 
with  any  reasonable  approach  to  accuracy. 

The  art  of  measuring  the  comparative  intensity  of  lights 
is  called  photometry.  There  are  several  methods  of  making 
these  measurements — chemical,  electrical,  and  mechanical — 
each  of  which  is  peculiarly  suited  to  special  cases.  The 
method  employed  for  general  purposes  is  to  compare  the 
illuminating  power  of  the  light  under  examination  with  that 
of  a  light  of  standard  intensity. 

The  unit  used  for  all  ordinary  measurements  is  the  light 
given  by  a  sperm  candle  burning  at  the  rate  of  120  grains 
per  hour.  The  candle  is  bumed  in  still  air,  and  care  is 
taken  to  avoid  all  drafts  that  might  accelerate  the  combus- 
tion and  thus  vary  the  brilliancy  of  the  light.  The  light 
thus  obtained  is  made  the  unit  for  comparison,  and  is 
called  1  candlepower. 

A  larger  unit  is  sometimes  used  for  measuring  very  large 
lights.  This  is  the  flame  of  a  certain  kind  of  oil  lamp  called 
the  Carcel  lamp,  and  the  unit  thus  derived  is  called  I  Carcel. 
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64.  InBtrumeiitB. — All  instruments  that  serve  to  meas- 
ure the  comparative  brilliancy  of  lights  are  properly  called 
photometers,  but  only  those  that  are  suitable  for  meaEuring: 
ordinary  gaslights,  etc.  will  be  described  here. 

One  of  the  oldest  of  these  instruments,  called  the  Rumlord 
photometer,  is  shown  in  Fig.  35.  It  consists  of  a  table  having 
a  black  wooden  post  c,  standing  erect  as  shown,  and  a 
screen  g,  which  receives  the  shadows  of  the  post  that  are 
cast  by  the  lights  a  and  b.  The  candle  a  is  the  standard 
light,  and  b  is  the  light  whose  intensity  is  to  be  measured. 


The  lines  he  and  ic  must  be  at  exactly  equal  angles  with  the 
screen,  and  the  lights  are  moved  back  and  forth  along  these 
lines  until  the  shadows  e  and  /  appear  of  exactly  equal  black- 
ness. The  powers  of  the  two  lights  are  then  computed  by 
dividing  the  square  of  the  distance  bchy  the  square  of  the 
distance  a  c,  the  quotient  being  the  candlepower  of  the  light  b. 
This  method  is  very  inaccurate,  and  is  not  to  be  recom- 
mended, because  the  eye  is  unable  to  compare  the  shadows  e 
and  /  with  the  requisite  accuracy. 

65.  The  Bunsen  phoiometer,  shown  in  Fig.  36,  operates 
on  a  different  principle  than  the  Rumford.  A  diaphragm  c 
is  illuminated  on  its  opposite  sides  by  the  light  b  and  the 
standard  candle  a.  The  observer  looks  down  through  the 
tube  e  into  mirrors  /  and  g,  and  thus  sees  the  reflection  of 
both  sides  of  the  diaphragm  at  the  same  lime.  If  they 
appear  of  unequal  brilliancy,  the  sight-box  d  is  moved  along 
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the  bar  A  until  they  become  equal.  The  candlepower  of  the 
light  6  is  then  found  by  dividing  the  square  of  the  distance  6  c 
by  the  square  of  the  distance  a  c;  usually  the  bar  is  graduated, 
as  shown,  so  that  no  calculation  is  necessary. 


^^T"'TV^f'l     [    I 


66.  The  two  constructions  of  the  diaphragm  are  called 
the  spot  diaphragm  and  the  star  diaphragm.  The  spot 
diaphragm  is  shown  in  Fig.  37.  The  center  a  is  a  disk  of 
opaque  white  paper.  The  ring  6  is  made  of  white  paper 
saturated  with  parafiBn  and  is  translucent.  The  outer  part  c 
is  blackened.  When  this  diaphragm  is  unequally  illuminated 
on  its  opposite  sides,  the  ring  t  looks  darker,  or  brighter,  than 
the  center  a,  but  when  the  illumination  is  exactly  equal,  all  dif- 
ference disappears  and  the  spot  a  becomes  indistinguishable. 


The  star  diaphragm  is  shown  in  elevation  at  A,  and  in 
section  at  B,  Fig.  38.  It  consists  of  a  piece  of  white  writing 
paper  a  of  moderate  thickness,  having  a  star-shaped  figure 
cut  out  of  its  center,  and  a  sheet  of  thin  white  writing 
paper  c,'  of  best  quality,  which  is  doubled  so  as  to  enclose 
the  piece  a.     The  diaphragm   is  lightly  squeezed  between 
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two  pieces  of  glass  h,  h.  Care  is  taken  in  catting  the  star  to 
make  every  point  and  line  clear  and  sharp.  When  the 
reflection  of  the  diaphragm  is  seen  in  the  mirrors,  the  images 
will  vary  in  distinctness  if  the  lights  are  unequal.  The 
sight-box  d  in  Pig.  36  is  then  moved  along  the  bar  until 
both  images  of  the  star  appear  equally  sharp  and  clear. 

67<  It  will  be  observed  that  the  methods  of  testing 
employed  in  the  photometers  described  are  quite  different. 
In  the  Rumford  method,  the  observer  judges  the  equality  in 
blackness  of  the  shadows  produced;  in  the  Bunsen  method, 
using  the  spot  diaphragm,  he  judges  by  the  equal  brightness 
TABIiE    II 

GRADUATIONS    OF    BUNSBN    PHOTOMETER    BAR 


C.  P. 

^ 

C.  P. 

^ 

C.  P. 

X 

C.  P. 

X 

, 

SO.oo 

,, 

23.17 

21 

17.91 

31 

15-22 

41-13 

12 

22.40 

22 

17-57 

32 

IS -02 

36.61 

13 

21.71 

23 

I7.2S 

33 

14-83 

33.33 

14 

21.09 

24 

16.9s 

34 

14.64 

30.60 

IS 

20.52 

25 

16.67 

35 

1445 

28.98 

16 

20.00 

26 

16.40 

36 

14.28 

7 

27-43 

17 

I9S2 

27 

16.14 

37 

14.12 

8 

26.12 

18 

19.07 

28 

15.90 

38 

13.96 

9 

25.00 

19 

18.66 

29 

15.66 

39 

13-80 

10 

24.04 

20 

18.27 

30 

15-43 

40 

13-65 

of  the  opposite  sides  of  the  diaphragm,  and  when  using  the 
star  diaphragm,  he  judges  by  the  equal  clearness  and  dis- 
tinctness of  the  two  images  of  the  star.  The  Rumford 
method  has  been  discarded  for  the  more  accurate  Bunsen 
method.  Both  the  spot  and  the  star  diaphragms  are  widely 
used,  but  the  star  diaphragm  is  preferred  because  of  its 
superior  accuracy. 

68.  In  practice,  the  distance  between  the  centers  of  the 
lights  is  usually  made  100  inches  for  a  Bunsen  photometer. 
The  bar  is  graduated  in  accordance  with  Table  II,  where  the 
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abbreviation  C.  P.  means  candlepower,  and  x  the  distance, 
in  inches,  between  the  standard  candle  and  the  disk  of  the 
sight-box. 

69.  The  distance  x  in  Table  11,  equal  to  ac  in  Fig.  36, 
may  be  computed  for  any  distance  between  the  centers  of 
the  lights  and  for  any  candlepower  by  the  following  rule: 

Rule. — Divide  ihe  distanee  between  the  centers  of  ike  lights, 
in  inches,  by  the  sum  of  1  and  the  square  root  of  the  candlepower. 

Or.  X  =  — ^ 

where    d  =  distance  between  centers  of  the  lights; 
c  =  candlepower. 

Example. — If  the  distance  between  the  flames  ot  the  light  to  be 
tested  and  of  the  standard  candle  is  150  inches,  what  should  be  the 
distance  between  the  diaphragm  and  the  standard  candle  for 
M  candlepower? 

Solution.— Applying  the  rule  just  given, 

distance  =  — ™—  .  16.67  in.    Ans. 

1+  V64 

TO.  In  testing  high-power  lights  at  the  standard  distance 
of  100  inches,  such  as  incandescent  gaslights,  it  is  advisable 
to  use  two  or  more  standard  candles  instead  of  one.  The 
candlepower  readings  corresponding  to  the  graduations,  as 
given  in  Table  11,  must  then  be  multiplied  by  the  number  of 
standard  candles  used  to  get  the  candlepower  of  the  flame 
being  tested. 

71.  Any  good  mechanic  can  construct  a  photometer  like 
that  shown  in  Fig.  36,  which  will  be  sufficiently  accurate  for 
all  ordinary  purposes.  By  its  aid  he  can  investigate  for  him- 
self, and  can  acquire  much  valuable  information.  In  using 
the  photometer,  care  must  be  taken  to  prevent  the  entrance 
of  light  into  the  sight-box  from  any  other  source  than  the 
lights  that  are  to  be  compared.  A  screen  of  black  velvet 
should  be  suspended  behind  each  light  to  prevent  any  light 
from  being  reflected  toward  the  sight-box.  It  is  advisable 
to  have  a  dark  room  to  operate  in  even  if  the  instrument  is 
protected  with  curtains  and  screens  of  black  cloth. 
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In  testiag  gas,  the  pressure  must  be  kept  uniform,  and  the 
rate  of  combustion  should  be  carefully  measured. 

73.  The  caodlepower  of  ordinary  illuminating  gas  is 
measured  while  burning  at  the  rate  of  5  cubic  feet  per  hour, 
under  a  pressure  of  .5  inch  of  water  column.  To  secure  very 
exact  measurements,  small  corrections  must  be  made  for  the 
temperature  of  the  gas  and  for  the  moisture  contained  in  it. 
The  candle  should  always  be  weighed  before  and  after 
each  test,  and  allowances  must  be  made  in  computing  the 
candlepower  of  the  light  under  examination,  if  the  rate  of 
consumption  of  the  candle  varies  either  way  from  the  stand- 
ard rate  of  120  grains  per  hoar. 


EXAHPI^BS    FOR    PRACTICB 

How  many  5-foot  bat's-wiug  burners  should  b«  placed  in  a  parlor 
;  14  feet  by  20  feet?  Ads.  7 

2.  Hon  Tnftny  iucandescent  burners  are  required  for  a  hall  measur- 
ing 60  feet  by  80  feet?  Ans.  30 

3.  Suppose  that  the  standard  candle  and  the  light  to  be  tested  are 
120  inches  apart,  how  far  should  the  diaphragm  be  from  the  standard 
candle  for  16  candlepower?  Ans.  24  in. 
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GAS  HEATING 


BURNER  CONSTRUCTION 


BUN8EN    BURNERS 

1.  Portable  Bunsen  Burner. — All  burners  that  are 
designed  to  produce  heat  rather  than  Hght,  are  constructed 
to  mingle  the  gas  with  air  before  burning.  They,  therefore, 
belong  to  the  class  known  as  atmospheric  burners.  The  most 
commonly  used  design  of  atmospheric  burner  is  named  a 
Bunsen  burner,  after  the  name  of  its  inventor.  A  port- 
able Bunsen  burner  is  shown  in  Fig.  1.  It  consists  of  a  gas 
tube  a  that  projects  part  way  into  a  larger  tube  b,  which  is 
called  the  mixing  tube,  or  mixing  chamber.  Air  is  admitted 
through  holes  c,  which  can  be  partly  or  entirely  closed  by 
means  of  the  collar  or  slide  d  to  regulate  the  amount  of  air 
admitted.  The  gas  issuing  from  a  and  the  streams  of  air 
from  the  holes  c  mingle  in  the  upper  part  of  the  tube  b  and 
form  a  mixture  that  will  burn  over  the  mouth  of  the  tube. 
The  flame  will  be  quite  large  and  unsteady,  and  if  illuminating 
gas  is  burned,  it  will  show  a  pale  blue  color  with  a  tendency 
to  green.  If  the  proportion  of  air  admitted  through  the 
holes  c  is  too  large,  the  flame  will  flash  back  with  a  sharp 
pufl  or  explosion,  and  will  then  bum  at  the  orifice  of  a  with 
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an   ordinary   yellow   smoky   flame.     To   preveot   this,    the 

slide  d  must  be  adjusted  so  as  to  restrict  the  supply  of  air  to 

just  below  the  explosion  limit.     If  the  air  supply  is  much  too 

large,  the  explosion  may 

be   sufficiently   violent   to 

extinguish  the  flame. 

2.  It  is  necessary  that 
the  gas  and  air  be  thor- 
oughly mixed  before  they 
reach  the  orifice  or  orifices 
where  the  mixture  ts 
burned.  The  mixing  oper- 
ation requires  a  sensible 
amount  of  time;  therefore, 
the  mixing  chamber  must 
be  large  enough  to  afford 
the  gas  ample  time  to 
mingle  with  the  air  prop- 
erly while  passing  from  the 
supply  pipe  to  the  orifices 
of  the  burner. 

The  air  inlet  should  al- 
ways be  at  the  lowest  part 
of   the   mixing   tube   or 
burner,  so  that  none  of  the 
gas  may  escape  backwards  through  it.     Good  service  can  be 
got  from  a  burner  by  regulating  both  the  air  and  gas  supply 
at  the  same  time.     For  this  purpose  compound  cocks  are 
made  that  control  both  inlets  simultaneously. 

3.  Ring  Burner. — The  general  design  of  the  type  of 
Bunsen  burner  commonly  employed  for  cooking  stoves  is 
shown  in  Fig.  2.  From  its  formation  the  name  of  ring; 
burner  is  applied  to  it.  The  gas  and  air  are  mixed  within 
the  tube  a,  and  the  mixture  is  burned  by  means  of  a  large 
number  of  small  flames  that  issue  from  the  perforations  in 
the  ring  b.  When  the  burner  is  to  be  used  for  both  large 
and  small  work,  it  should  be  provided  with  some  means  of 
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regiilatiag  the  air  supply,  so  that  the  mixture  of  air  and  gas 
may  always  be  in  the  best  proportion  for  economy.  In  the 
figure,  the  air  inlet  is  at  d;  the  size  of  the  opening  is  then 
controlled  by  a  slip  collar  on  a,  similar  to  the  collar  d  shown 
in  Fig.  1.  In  many  cases  the  air-inlet  openings  are  in  the 
conical  part  of  c,  Fig.  2,  the  size  of  opening  being  controlled 
by  a  perforated  sheet-metal  cone  that  can  be  locked  in  posi- 
tion by  a  setscrew. 


Ring  burners  are  frequently  made  with  two  or  more  rings 
of  jets,  the  rings  being  concentric  and  in  the  same  plane.  A 
two-ring  bnmer  is  called  a  double  burner;  a  three-ring  burner 
a  triple  burner,  etc.  Each  ring  should  have  its  own  mixing 
tube  and  gas-cock,  so  that  one  or  all  of  them  may  be  used 
as  desired. 

The  amount  of  gas  consumed  by  a  burner  varies  with  the 
size;  usually  it  is  between  tO  and  18  cubic  feet  per  hour. 

4.  luTerted  Burnei-s. — For  some  purposes  burners  are 
made  to  work  in  an  inverted  position;  that  is,  with  the  Same 
on  the  under  side.  They  are  thus  enabled  to  radiate  heat 
over  the  lop  surface  of  materials  exposed  below  them.  This 
feature  is  of  great  value  in  cooking  operations  and  for  certain 
manufacturing  purposes.  Of  course,  the  air  inlet  must  then 
be  at  a  lower  level  than  the  bottom  of  the  burner. 

5.  Slit  Burner. — There  are  many  different  shapes  of 
burners  on  the  market,  but  the  principle  of  combustion  is  the 
same  in  all;  their  chief  diiference  is  found  in  their  adapta- 
bility to  the  different  makes  of  stoves.  Generally  speaking, 
those  that  are  least  liable  to  foul  with  grease  or  lampblack, 
or  that  can  be  most  easily  cleaned  by  the  cook  or  other 
operator,  are  the  best.     Ease  of  cleaning  is  a  prominent 
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feature  of  the  so-called  silt  burners!  they  differ  from  those 
having  small  circular  perforations  only  in  that  they  have  slits 
at  which  the  mixture  is  burned,  the  slits  being  large  enough 
to  be  easily  cleaned  with  a  thin  knife  blade. 

6.  Perfection  Burner. — The  burner  shown  in  Fig,  3 
has  the  jets  arranged  in  the  form  of  a  star,  whence  this  type 
derives  the  name  of  star  burners.  The  design  illustrated 
is  known  to  the  trade  as  the  Perfection  burner.  The  perfora- 
tions are  in  the  arms,  as  a,  of  the  star;  the  gas-supply  pipe 
is  connected  at  b.  The  valve  c  is  used  to  turn  on  or  shut  off 
the  gas  supply  to  the  burner,  A  setscrew  needle  valve  d 
forms  a  gas  check,  which,  when  adjusted  to  suit  the  gas 
pressure  and  the  requirements  of  the  burner,  prevents  the 
operator  from  having  too  large  a  flame,  even  when  c  is 
opened  fully,  A  shutter  e  can  be  revolved  until  it  screws  up 
tightly  against  the  funnel-mouthed  inlet  of  the  mixing  tube. 


when  the  air  supply  will  be  entirely  shut  off;  it  may  be 
adjusted  so  that  the  exact  air  supply  required  will  be  admit- 
ted, when  it  is  secured  in  position  by  a  locknut.  The  principal 
feature  of  this  burner  is  the  cleaning  attachment.  It  is  com- 
posed of  a  lever  /  and  a  star-shaped  cleaner^  provided  with 
a  number  of  small  rods  or  prongs  projecting  upwards.  They 
are  located  in  such  a  position  that  when  the  long  arm  of  the 
lever  is  pressed  down,  the  prongs  are  pushed  up  through  the 
burner  holes,  as  shown,  and  the  burner  holes  are  thus  cleared 
of  lampblack  or  other  obstructions.  When  the  pressure  is 
removed  from  the  lever  the  weight  of  ^  will  hold  the  prongs 
down  inside  the  burner  and  gas  can  freely  flow  through  it. 
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7.  Simmering  Burner,  —  The  ordinary  large  ring 
burner  gives  too  much  heat  for  the  method  of  cooking 
known  as  simmering,  and  hence  a  small  5ingle-6ame  Bunsen 
jet  or  a  very  small  ring  burner,  as  a.  Fig.  4,  is  supplied 
for  this  purpose  to  gas  cooking  stoves  and  is  placed  within 
an  ordinary-sized  ring  or  star  burner.  The  gas  supply  to 
the  simmering  burner  is  controlled  by  the  cock  b.  The  illus- 
tration shows  common  practice  not  only  in  locating  several 


burners  on  a  gas  stove,  but  also  in  the  location  of  the  mixing 
chambers  c,  c.  The  gas  header  or  branch  pipe  d  is  usually 
located  in  front  of  the  cooking  stove.  Double  burners  are 
located  at  e,  e,  and  single  burners  at  /,  /.  A  simmering  bumej 
is  placed  in  every  good  gas  stove,  partly  for  convenience 
and  partly  as  a  means  of  saving  gas,  as  a  simmering  burner 
usually  consumes  only  from  2  to  5  cubic  feet  of  gas  per  hour. 
8.  Oven  Burner.-^ For  the  purpose  of  heating  the 
ovens  of  gas  ranges  many  different  forms  of  burners  are 
used.  The  best  oven  burners  are  those  that  distribute  the 
heat  uniformly.  Oven  burners  are  located  beneath  the  ovens, 
and  should  be  capable  of  being  lighted  from  the  outside  by 
means  of  an  igniter.  Fig.  5  {a)  shows  how  an  igniter  a  may 
be  attached  for  two  oven  burners  b,b.  It  is  simply  a  tube 
leading  from  the  igniter  cock  c  to  the  burner  holes.  The 
tube  is  split  on  both  sides,  as  shown  in  detail  in  Fig.  5  {b), 
the  openings  d  extending  uninterrupted  from  c  to  the  burners. 
To  ignite  the  burners,  therefore,  the  cock  is  turned  on  full 
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while  a  light  is  held  close  to  the  slot  at  the  point  e  outside 
of  the  oven,  when  a  flame  will  travel  along  the  slots  and 
reach  the  burners.  The  burner  cocks  /,  /  are  now  opened 
and  the  burners  become  ignited;  the  cock  c  is  then  closed. 
The  igniter  is  not  an  atmospheric  burner  and  therefore  hums 
with  a  yellow  flame.  This  makes  the  igniter  more  certain 
and  more  safe  than  one  that  bums  on  the  Bunsen  principle. 


9.  TaporfzlDK  Burner. — Devices  for  generating  gas 
from  oil  by  means  of  heat,  and  combined  with  atmospheric 
burners  proportioned  to  properly  burn  the  gas  thus  produced, 
are  called  Taportzlng:  burnerB,  They  are  commonly  used 
with  gasoline,  but  other  and  heavier  oils  may  be  used  by  modi- 
fying the  vaporizer  and  burner  to  suit.  Oil  vapors  have  such 
an  abundance  of  carbon  that  the  quantity  of  air  required  to 
bum  them  properly  is  much  greater  than  that  required  with 
ordinary  illuminating  gas. 

The  liquid  is  vaporized  only  as  fast  as  it  ts  used,  and  the 
heat  required  for  vaporization  is  taken  from  the  flame; 
usually  some  of  the  waste  heat  is  thus  utilized.  The  general 
method  of  construction  is  to  have  the  oil  reservoir  elevated 
above  the  burner,  so  that  the  liquid  will  flow  down  to  the 
vaporizer  by  gravity.  The  gas  produced  may  be  burned  in 
any  properly  proportioned  atmospheric  burner. 

10.  Care  of  Atmospheric  Burners. — The  atmospheric 
burners  used  in  cooking  stoves,  etc.  seldom  give  any  trouble 
if   they   are   properly   proportioned   and   adjusted.      If   the 
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mixing  tube  is  too  small,  the  supply  of  air  is  apt  to  be  iosnf* 
ficieut,  and  to  be  imperfectly  mixed  with  gas,  thus  causing 
the  burner  to  smoke.  The  burners  frequently  become  foul, 
and  sometimes  become  clogged  with  burnt  grease,  etc. 
Each  hole  or  jet  should  then  be  cleaned  by  inserting  a  wire, 
and  the  mixing  tube  should  be  inspected  and  cleared  of  all 
lint  and  dirt. 

The  trouble  with  gas  grates,  gas  logs,  and  similar  gas 
heaters  is  that  they  will  sometimes  blow  and  snap  out  or 
extinguish  the  flame,  when  the  pressure  in  the  supply  pipe 
becomes  unusually  low.  The  reason  for  this  is  the  air 
supply  remains  nearly  unchanged,  while  the  gas  supply 
diminishes;  thus  the  relative  proportions  are  altered  until 
the  mixture  becomes  explosive.  This  trouble  may  be 
remedied  by  adjusting  the  burner  and  air  inlet  to  work 
properly  at  a  certain  minimum  pressure,  which  is  assumed 
to  t)e  the  lowest  that  will  occur,  and  using  a  pressure  reducer 
or  governor  to  maintain  the  supply  of  gas  to  the  heater  at 
that  pressure. 

PI.BTCHBIt    BURN&R8 

11.  The  Fletcher,  or  solid  flame,  burner,  is  shown 
in  Fig.  6.  That  part  of  the  apparatus  that  serves  to  mix  the 
gas  and  air  is  similar  in  principle  to  that  used  in  the  Bunsen 
burner,  but  the  method  of  burning  the  mixture  is  quite 
different.     The  top  of  the  chamber  a  is  covered  with  stout 


wire  gauze  b,  and  the  gas  bums  as  it  issues  through  the 
meshes  of  the  gauze.  As  the  gas  is  already  provided  with 
nearly  or  quite  all  of  the  oxygen  that  it  requires  for  combus- 
tion, it  bums  close  to  the  gauze  with  a  small  compact  flame 
of   great   intensity.     The  color  of   the   flame,   when   using 
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ordinary  illuminating  gas,  is  a  bright  green  with  a  few  traces 

of  blue.     If  a  larger  and  more  diffused  flame  is  desired,  it 

can  be  obtained  by  diminishing  the  air  supply.     The  flame 

then  spreads  out  in  order  to  secure  from  the  atmosphere  the 

oxygen  that  is  lacking,  and  it  becomes  less  intense,  appearing 

more  like  the  flame  from  a  Bunsen  burner.     When  the  large 

flame  is  used,  the  central  air  tube  c,  which  passes  entirely 

through  the  chamber  a,  supplies  air  to  the  middle  of  the  flame. 

The  Fletcher  burner  is  able  to  develop  a  higher  heat  from 

the  gas  than  the  Bunsen  burner,  because  it  permits  a  larger 

proportion  of  air  to  be  mixed  with  the  gas.     If  an  attempt 

is  made  to  bum,  in  a  Bunsen 

burner,   a   mixture   having   the 

full  proportion  of  air  necessary 

for  combustion,  the  flame  will 

blow  back.     The  same  mixture 

will,   however,    bum    perfectly 

in  a   Fletcher  burner,   because 

the    flame   is    prevented    from 

blowing    back    by    the    wire 

gauze  b.    Usually  one  or  more 

partitions   of    wire    gauze    are 

provided  in  the  interior  of  the 

burner,    to    act    as    fire-checks 

in  case  the  main  gauze  should 

become  broken. 

12.     The  Bunsen  biirnermay 

be  transformed  into  a  Fletcher 

burner  to   great   advantage  by 

^"■^  providing    it    with    gauze,    as 

shown  at  a  and  i,  Fig.  7.    With  this  arrangement  the  flame  can 

be  turned  down  exceedingly  low  without  danger  of  blowing 

back  or  snapping  out.  

FIRE-CHECKS 

13.  In  burning  explosive  mixtures  of  air  and  gas,  it  is 
necessary  to  employ  some  device,  called  a  fire-check,  for 
the  purpose  of  confining  the  flame  to  a  certain  place,  and 
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thus  prevent  it  from  spreading  backwards  into  the  mixing 
chamber  or  reservoir. 

Before  combustion  can  take  place,  the  temperature  of  the 
gaseous  mixture  must  be  raised  to  a  certain  degree,  called 
the  point  oS  ignition.  Now,  if  the  mixture  can  be  separated 
from  the  flame  by  some  kind  of  a  screen  that  will  not  become 
heated  to  the  point  of  ignition,  it  is  evident  that  it  cannot  be 
set  on  fire  by  contact  with  the  screen. 

The  device  most  frequently  employed  as  a  fire-check  is  a 
partition  of  wire  gauze  through  which  the  mixture  of  air  and 
gas  is  forced  to  pass.  As  the  gas  passes  through  the  meshes 
of  the  gauze,  it  is  carried  some  little  distance  beyond  the 
siu'face  before  it  burns;  consequently,  the  flame  does  not 
actually  touch  the  gauze.  The  heat  radiated  from  the  flame 
rapidly  heats  the  wires,  and  would  soon  raise  them  to  incan- 
descence, if  no  cooling  influence  were  brought  to  bear  on 
them.  But,  the  stream  of  cold  air  and  gas  that  passes 
through  the  meshes  absorbs  the  heat  from  the  wires  and 
keeps  them  at  a  moderate  temperature.  If  there  is  no  cur- 
rent through  the  wire  gauze,  and  if  fire  be  maintained  on  one 
side  of  it  and  an  explosive  mixture  on  the  other,  then  the 
safety  will  depend  entirely  on  the  rapidity  with  which  the 
cold  mixture  can  absorb  and  carry  oS  the  heat  from  the  wires. 
Usually  the  conductive  power  of  the  air  and  gas  is  not 
sufficient  to  keep  the  temperature  of  the  wires  below  the 
point  of  ignition  for  any  considerable  length  of  time,  and  an 
explosion  consequently  results. 

An  explosion  on  one  side  of  a  gauze  partition  will  not  set 
fire  to  an  explosive  mixture  on  the  opposite  side,  unless  the 
force  of  the  explosion  bursts  a  hole  in  the  gauze  and  thus 
permits  fire  to  pass,  because  the  temperature  of  the  flame 
will  fall  rapidly,  and  it  will  die  out  before  the  gauze  becomes 
heated  to  the  point  of  ignition. 

Devices  other  than  a  wire-gauze  screen  are  sometimes  used 
for  fire-checks.  The  explosive  mixture  may  be  passed 
through  metal  tubes  having  a  small  bore  and  considerable 
length,  or  it  may  be  passed  through  narrow  passages  between 
flat  metal  plates;  the  essential  point  is  that  the  heat  that  is 


D.qit.zeaOvGoOt^lc 


62  DOMESTIC  USES  OP  GAS  §14 

received  from  the  flame  shall  be  conducted  away  or  dissipated 
so  rapidly  that  the  temperature  of  the  metal  caanot  be  raised 
to  the  point  of  ignitiou  at  the  end  where  the  mucture  enters. 

The  mesh  and  the  siae  of  the  wire  composing  the  gauze 
are  matters  of  great  importance.  The  wire  should  be  of  brass 
or  copper,  woven  with  twenty-eight  or  more  wires  to  the'  inch, 
the  gauze  having  not  less  than  784  meshes  to  the  square  inch. 

Gauze  made  of  iron  or  tinned  wire  is  very  liable  to  be 
spoiled  by  rust  holes,  and  the  metal  does  not  conduct  the 
heat  away  fast  enough.     It  should  not  be  used  for  fire-checks. 


COOKING  APPLIANCES 


HOT    PI^TBS 

14.  A  liot  plate  is  a  small  stove  arranged  to  be  set  on 
a  box  or  table.  It  may  have  one,  two,  three,  or  more  atmos- 
pheric burners  set  side  by  side,  and  is  called  accordingly 
a  mu-holed,  Iwo-holed,  or  three-holed  hot  plate,  as  the  case  may 
be.  A  two-holed  hot  plate  is  shown  in  Fig.  8.  Each  burner, 
as  a,  a,  is  supplied  with  a  separate  air  mixer  and  cock,  as  b,  b. 
Hot  plates  are  usually  connected  by  means  of  a  rubber  hose, 


to  a  conveniently  located  hose  cock  on  the  gas-pipe  system, 
and  connected  to  a  hose  coupling  c.  The  hot  plates  may  there- 
fore be  moved  about  or  set  aside  as  occasion  requires.  No 
oven  is  attached  to  the  hot  plates,  but  portable  ovens  may  be 
set  over  the  burners  and  excellent  results  in  baking  obtained. 
The  supply  of  air  and  gas  should  be  adjusted  so  that  the 
tlame  bums  at  a  without  any  appearance  of  white  tips.     If 
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the  flame  shows  white  in  spots,  like  the  flame  from  an  ordi- 
nary illuminating  burner,  it  indicates  that  not  enough  air  is 
being  supplied,  and  the  flame  will  consequently  smoke  any 
cooking  utensil  that  may  be  placed  over  it.  If  too  much  air 
is  supplied,  the  flame  will  flash  back  through  the  burners, 
bum  inside  the  mixing  chamber,  and  thus  beconae  useless  for 
cooking  purposes.  ^^ 

OAS    RANGES 

15.  Construction. — A  gas  range  has  usually  four 
burners  on  top,  as  a,  a.  Fig.  9,  and  below  them  an  oven  b, 
usually  16  to  18  inches  square,  which  is  heated  by  one  or 


more  burners  placed  beneath  it.  The  cocks  for  the  oven 
burners  are  located  at  c;  the  cocks  d,  d  are  for  the  top 
burners.  Gas  is  supplied  through  a  \-  or  }-inch  iron  pipe  e 
that  should  be  connected  full   size  to  the  gas-pipe  system. 
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Below  the  oven  a  broiler  /  is  usually  placed.     This  may  be 
heated  by  the  same  burner  or  burners  that  heat  the  oven. 

Gas  ranges  are  sometimes  made  with  only  three  burners 
on  top,  and  sometimes  with  six  or  more  burners,  as  in  the 
case  of  hotel  rangfes.  A  good  style  of  range  in  common  use 
has  four  burners,  and  a  small  simmering  burner  inside  of  one 
of  the  four,  so  that  there  are  then  five  cocks  on  the  front  of 
the  stove.  The  simmering  burner  consumes  but  little  gas 
and  produces  a  flame  just  large  enough  to  keep  the  food 
simmering.  The  same  result  can  be  obtained  by  very  care- 
fully turning  down  the  ordinary  atmospheric  burner,  if  it  is 
properly  designed.  Since  the  flames  have  to  be  turned  down 
very  low,  however,  there  is  danger  of  even  a  very  slight 
draft  of  air  extinguishing  them,  in  which  case  the  gas  may 
mix  with  the  atmosphere  of  the  room  to  an  extent  sufficient 
to  form  an  explosive  mixture.  To  obviate  this  danger,  all 
good  gas  ranges  have  a  regular  simmering  burner.  The 
burners  used  under  the  ovens  should  be  so  constructed  as  to 
distribute  the  heat  uniformly  to  the  oven  and  yet  be  capable 
of  being  checked  -down.  It  is  always  best  for  convenience 
and  to  prevent  explosions  to  have  a  pilot  light  arranged  to 
light  the  oven  burners.  The  burners  on  the  top  of  the  range 
are  of  cast  iron  and  are  usually  circular  or  star  shaped. 

16.  Operation. — When  range  burners  refuse  to  operate 
properly,  the  trouble  usually  arises  either  from  the  spilling 
of  grease,  etc.  into  the  burners,  in  which  case  they  get 
stopped  up,  or  else  from  the  burners  being  allowed  to  flash 
back  and  then  left  burning,  in  which  case  they  soon  fill 
with  lampblack.  In  either  case  the  burners  should  be  taken 
apart  and  cleaned. 

In  advising  a  beginner  how  to  operate  a  gas  range,  it 
should  be  impressed  on  the  party  that  the  oven  burner  must 
never  be  turned  on  unless  it  is  lighted  at  once.  If  the  oven 
burner  is  turned  on,  and  the  gas  is  not  ignited  before  an 
explosive  mixture  is  formed  in  the  oven,  when  a  light  is 
applied  to  the  oven  burner  the  gas  in  the  oven  may  also 
ignite  and  produce  an  explosion  that  will  frighten  people 
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badly  and  that  may  possibly  wreck  the  raage.  There  is, 
however,  little  actual  danger  from  such  an  explosion,  because 
no  burning  oil  is  thrown  about,  as  in  an  explosion  of  a 
gasoline  stove. 

To  operate  a  gas  range  with  economy,  it  is  necessary 
to  turn  off  the  gas  entirely  when  the  heat  is  not  actually 
needed.  In  baking,  however,  the  oven  should  be  lighted 
a  few  minntes  before  it  is  to  be  used.  It  should  also 
be  remembered  that  after  a  vessel  of  water  has  been 
brought  to  the  boiling  point  it  may  be  kept  boiling  by  a 
very  small  flame. 

17.  Installation. — The  size  of  meter  connections,  j.  e., 
the  pipe  through  which  gas  flows  from  the  gas-pipe  system 
to  the  range,  is  a  matter  that  must  not  be  slighted.  Many 
gas  ranges  and  heaters  do  not  give  satisfactory  results, 
because  the  connections  are  too  small.  A  five-light  meter  is 
the  smallest  size  that  should  be  used  when  a  gas  range  is  to 
be  installed. 

Ordinary-sized  gas  ranges  may  be  connected  with  J-inch 
pipe  if  the  distance  to  be  run  is  not  more  than  20  feet.  If 
the  distance  is  greater  than  this,  t-inch  pipe  should  be  run. 
A  J-inch  pipe  should  always  be  run  if  there  is  any  chance  of 
a  water  heater  being  also  installed.  For  ranges  with  more 
than  four  holes  in  the  top,  the  supply  pipe  should  be  i  inch 
or  larger.  It  is  usually  best  to  run  the  pipe  line  directly 
from  the  meter  to  the  stove.  A  plug  cock  with  a  suitable 
handle  should  always  be  installed  in  the  pipe  line,  and  the 
stove  should  always  be  connected  to  the  pipe  line  by  means 
of  a  union  or  long-screw  nipple,  so  that  the  gas  may  be  shut 
off  and  the  stove  disconnected  at  any  time. 


BROILERS 

18.  The  best  appliance  for  broiling  steaks  and  chops  is 
a  vertical  broiler  in  which  the  steak  is  placed  edgewise  in  a 
gridiron  and  broiled  on  both  sides  at  the  same  time.  By  this 
means  a  large  quantity  of   the  juice  is  kept  in  the  meat. 
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This  style  of  broiler,  which  is  shown  in  Fig.  10,  is  attached 
to  the  end  of  a  range,  or  may  be  separate  from  it,  and  is 
thus  frequently  used  in  hotels  and  restaurants.  A  number 
of  horizontal  mixing  tubes  a,  a  supply  a  series  of  burners  b 
located  on  both  sides  of  the  broiler!  If  these  burners  are  in 
good  condition,  a  flat  sheet  of  blue  flame  will  be  obtained  at 


each  side  of  the  gridiron.  Most  of  the  broilers  on  the 
market  have  asbestos  fibers  placed  between  the  burners. 
These  fibers  become  highly  incandescent  and  heat  both  sides 
of  the  meat  by  radiation.  The  doors  c,  c  can  be  closed  over 
the  handles  of  the  gridiron.  The  products  of  combustion, 
etc.  are  led  to  the  chimney  through  d. 
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HEATING    APPLIANCES 


^^ 


UOU8E-WARHING    QA8    HEATERS 

19.  Gas  Stoves. — Fig.  11  shows  the  interior  construc- 
tion of  a  common  design  of  beating  stove.  The  gas  is 
burned  in  an  ordinary  atmospheric  ring  bnraer  a  in  the  base 
of  the  stove.  The  hot  products  of  combustion  are  diluted 
with  a  quantity  of  air  that  enters  through  the  small  holes  6, 
and  their  temperatnre  is  reduced  correspondingly.  They 
pass  upwards  through  the  interior  of  the  drum  c  and  escape 
to  the  chimney  through  the  flue  d. 
Baffle  plates  e  and  /  are  intro- 
duced to  impede  the  6ow  of  the 
hot  gases,  and  to  deBect  them  [ 
against  the  surface  of  the  drum  c 
and  the  central  fine  g.  This  cen- 
tral flue  gives  a  very  effective 
heating  surface.  The  air  enters 
at  the  bottom  and  becomes  highly 
heated  during  its  passage  by  con- 
tact with  the  surface  of  the  hot 
metal. 

20.  Pig.  12  shows  a  renect- 
Ing  gas  stove.  The  gas  is 
burned  in  an  atmospheric  burner 
connected  to  a,  which  occupies 
the  upper  part  of  the  stove.  The 
gas  bums  in  a  number  of  small 
jets,  and  the  reflector  6,  which  occupies  the  back  and  lower 
part  of  the  stove,  reflects  heat  from  these  flames  into 
the  room;  being  corrugated,  it  reflects  irregularly,  and 
thus  diffuses  the  radiant  heat.  To  give  a  cheerful  appear- 
ance to  the  room  in  which  such  a  heater  is  placed,  the  gas 
is  sometimes  burned  without  the  addition  of  air  before 
combustion. 
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21.  Many  gas  heaters  for  house  warming  are  built  in 
accordance  with  the  assumption  that  air  can  be  heated  by 
means  of  radiant  heat.  This  assumption  is  erroneous, 
because  radiant  heat  passes  through  air  without  a&ecting  it, 
except  in  a  very  slight  degree.  It  should  be  borne  in  mind 
that  air  can  be  heated  only  by  contact  with  hot  surfaces. 

Nearly  all  the  heat  radiated  from  a  stove  falls  on  the  walls 
or  furniture  of  the  room  and  is  expended  in  warming  them. 
The  air  in  the  room  is  gradually  warmed  by  contact  with  the 
surfaces  thus  heated; 
some  of  it  is  heated  by 
contact  with  the  stove 
itself,  but  none  of  it  is 
warmed  by  the  direct 
action  of  the  radiant 
beat. 

The  stove  shown  iu 
Fig.  11  is  well  adapted 
for  heating  air  because 
it  has  large  heating 
surfaces  over  which  the 
air  may  travel.  The 
prime  requisite  of  an 
air-heating  apparatus  is 
an  abundance  of  hot 
siu-faces. 

No  gas  stove  or 
heater  should  be  per- 
mitted to  discharge  its 
products  of  combustion 
into  the  air  of  a  small,  closed  room,  because  it  will  vitiate 
the  air  with  great  rapidity.  Every  heater  in  such  a  room 
should  be  connected  by  a  pipe  to  a  chimney,  or  should  have 
a  hood  over  it,  which  should  have  a  free  discharge  into  the 
outer  atmosphere.  The  ordinary  large  rooms  of  dwelling 
houses  are  usually  so  well  ventilated  that  small  gas  stoves 
may  in  many  cases  be  used  without  being  connected  to  a 
chimney  or  vent  flue. 


PlO.  13 
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22.  open  Fireplace  Heaters. — Pig.  13  shows  a  gas 
grate  designed  to  occupy  an  ordinary  open  fireplace.  The 
back  plafe  is  covered  with  loose  bunches  of  asbestos  fibers, 
and  is  perforated  with  a  number  of  fine  holes.  The  gas  is 
mixed  with  the  necessary  air  in  a  chamber  in  the  rear,  and 
the  mixture   passes   through  the  small  orifices  and   bums 


on  the  front  face  of  the  plate  among  the  loose  fibers.  The 
asbestos  becomes  incandescent,  and  glows  like  an  open  fire 
of  coal,  emitting  both  light  and  heat.  Stoves  are  also  con- 
structed on  the  same  plan,  but  for  the  reasons  mentioned  in 
Art.  21  are  not  very  efficient  in  heating  air. 

23.  The  Fireside  ElectrTc  hentpr  for  open  fireplaces 
is  shown  in  Fig.  14.  It  can  be  built  into  a  brick  wall  or  set 
in  an  open  fireplace  and  thus  become  a  stationary  fixture. 
An  atmospheric  burner  having  asbestos  fiber  attached  all 
over  its  face  at  a  emits  radiant  heat  direct  to  the  room  and 
gives  a  cheerful  appearance.  The  products  of  combustion 
pass   zigzag  over  heating   tubes  b,  before  they  enter   the 
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chimaer  c.  The  space  d  is  provided  with  an  air-iolet  opening; 
of  grille-work  at  e,  and'  an  air-outlet  opening,  also  of  grille- 
work,  at  /  to  allow  a  circulation  of  air  over  the  heated  sur- 
faces and  through  the  tubes,  as  shown  by  arrows.  By  this 
arrangement  a  large 
amount  of  heat  is 
absorbed  from  the 
hot  products  of  com- 
bustion before  they. 
enter  the  chimney, 
and  this  heat  is  util- 
ized in  warming  the 
air  in  the  room.  To 
prevent  the  products 
of  combustion  from 
passing  too  quickly 
to  the  chimney,  the 
draft  through  the 
zigzag  outlet  flues 
should  be  checked 
down  by  a  damper 
in  the  collar  J,  which 
may  be  operated 
by  a  rod  passing 
through  the  front 
and  terminating  with 
a  knob,  as  at  h. 

24.     A   eas   loK 

is  shown  in  Fig.  15. 
The  log  is  made  of 
fireclay,  and  is  per- 
forated with  a  large 
number  of  small 
^''"  "  holes,  through  which 

the  mingled  gas  and  air,  or  the  gas  only,  passes  out  and  burns. 
The  log  is  hollow,  and  its  interior  serves  as  a  chamber  in 
which  the  gas  and  air  are  mixed  before  combustion.    The 
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heat  is  radiated  directly  from  the  small  Qames  that  nearly 
cover  the  surface  of  the  log. 

Gas  logs  formerly  were  not  provided  with  atmospheric 
burners,  but  they  had  such  a  tendency  to  smoke  and  become 
covered  with  soot  that  now  a  mixing  chamber  is  almost 
always  provided.  A  cock  or  valve  controlling  the  log  should 
always  be  placed  near  one  comer  of  the  fireplace.  Plug 
cocks,  with  special  long  handles  having  a  small  wheel  on 
top,  are  better  than  valves,  as  they  are  less  apt  to  leak. 


When  logs  are  set  on  the  first  floor  of  a  house,  the  cocks 
should  be  placed  below  the  ceiling  in  the  cellar,  so  that  they 
are  readily  accessible.  Where  it  is  necessary  to  place  the 
cock  between  the  floor  and  the  ceiling  of  the  room  below, 
as  in  the  case  of  logs  set  on  second  floors,  a  pocket  should 
always  be  left  in  the  floor  above  the  cock  in  order  to  make 
it  accessible  for  inspection  and  repairs.  Half-inch  pipe 
should  be  used  to  connect  logs  18  inches  long  or  less. 
Larger  pipe  should  be  used  for  larger  logs. 

25.  Asbestos-backed  gas  fireplaces  are  more  efficient 
heaters   than   logs.     They  are  frequently  provided  with  a 


D.qit.zeaOvGoOt^lc 


72  DOMESTIC  USES  OF  GAS  §14 

gas  valve  at  the  bottom  of  the  heater,  but  it  is  best  to  also 
place  a  cock  on  the  pipe  line  in  the  same  position  in  which 
a  cock  would  be  placed  for  a  eas  log. 


MISCBLLANBOtrS    OAS    HBATIMO    APPLIAMCBS 

.  A  large  number  of  small  gas  heating  appliances  are 
;,  such  as  coffee  urns,  oyster  stewers,  confec- 
tioners' gas  stoves,  waffle  stoves,  cake  griddles,  iron  heaters 
for  tailors  and  for  laundry  use,  etc.  Irons  heated  by  a  burner 
inside  of  them  are  frequently  used  in  large  laundries.  By  their 
use,  considerable  time  is  saved,  as  the  iron  is  always  at  the 
right  heat  and  the  operator  does  not  have  to  stop  to  change 
irons.  The  best  irons  for  this  use  have  an  air-hose  connection 
as  well  as  a  gas-hose,  and  an  air  blast  is  supplied  to  the 
burner.  These  special  appliances  differ  only  in  form  from  the 
appliances  described;  they  employ  the  same  principle  of  oper- 
ation, which  is  the  burning  of  the  gas  in  atmospheric  burners. 
In  the  mechanic  arts,  gas  heating  appliances  are  being 
largely  used  for  melting  metals,  annealing,  soldering,  har- 
dening and  tempering,  case  hardening,  and  similar  manufac- 
turing operations.  

WATER    HEATERS 

27.  ClasBlticatlou. — Waterbacks,  i.  e.,  water  heaters  of 
the  form  used  in  coal-burning  cooking  stoves  for  heating  the 
water  for  kitchen  boilers,  cannot  be  used  economically  in  con- 
nection with  gas  ranges  because  the  amount  of  heating  surface 
they  contain  is  too  small.  Hence,  special  gas-burning  water 
heaters  overcoming  the  defect  of  the  waterback  are  made. 

Gas-burning  water  heaters  may  be  divided  into  two  general 
classes:  kitchen-boiler  heaters  and  ittstanianeous  heaters. 

Kltchen-boUer  heaters,  as  implied  by  the  name,  are 
used  in  connection  with  a  kitchen  boiler,  serving  as  a  storage 
reservoir  for  the  hot  water. 

Instantaneous  heaters  have  no  storage  reservoir;  they 
are  put  in  operation  whenever  hot  water  is  required,  and 
derive  their  name  from  the  rapidity  with  which  they  will  heat 
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the  water.  There  are  two  types  of  instantaneous  heaters: 
( 1 )  those  in  which  the  gases  of  combustion  do  not  come  into 
contact  with  the  water;  (2)  those  in  which  the  gases  of  com- 
bustion come  into  contact  with  the  water.  The  first  type  of 
instantaneous  heaters  may  be  called  closed  heaters,  and  con- 
tain water  under  pressure;  the  second  type  may  be  called 
open  heaters,  and  the  water  in  them  is  not  under  pressure. 

28>  Kitchen -Bolter  Heaters. — The  heaters  that  are 
used  in  connection  with  boilers  are  usually  formed  either  of 
a  collection  of  drop  tubes,  or  of  an  iron  casting  made  with 
hollow  flanges,  which  gives  a  large  heating  surface,  set  over 
an  atmospheric  burner.  A  common  design  of  kitchen -boiler 
heater  employs  a  vertical  cylindrical  coil  of  copper  pipe, 
through  which  the  water  may  pass,  and  uses  an  atmos- 
pheric burner  at  the  base  of  the  coil,  passing  the  hot  products 
of  combustion  up  the  interior  of  the  coil  and  between  its  con- 
volutions. A  heater  of  this  kind,  suited  to  a  50-  or  60-gallon 
boiler,  usually  contains  about  35  lineal  feet  of  1-inch  copper 
tubing,  and  the  burner  is  made  to  consume  from  20  to  25 
cubic  feet  of  ordinary  illuminating  gas  per  hour. 

29.  The  inlet  for  the  water  is  always  at  the  bottom  and 
the  outlet  at  the  top  when  the  heater  is  connected  to  a  boiler. 
There  is  usually  a  pilot  light  for  lighting  the  atmospheric 
burner.  The  pipe  leading  to  the  bottom  of  the  heater  should 
always  be  connected  to  the  pipe  from  the  bottom  of  the 
boiler,  and  the  outlet  of  the  heater  should  be  connected  in  at 
the  top  of  the  boiler,  A  good  heater  so  arranged  will  heat 
up  a  30-gallon  boiler  in  15  minutes. 

30,  The  same  boiler  may  be  connected  both  with  a  gas 
heater  and  with  an  ordinary  range  waterback,  and  either  or 
both  may  be  used,  as  is  desired.  Fig.  16  shows  a  gas  heater  a 
connected  to  a  kitchen  boiler  b.  The  heater  is  connected  to 
the  boiler  independently  of  the  connections  from  the  kitchen- 
range  waterback  c,  so  that  each  may  be  operated  separately 
and  without  interfering  with  the  circulation  of  the  other. 
When  water  is  heated  in  a,  it  rises  in  the  flow  pipe  d  and 
enters  the  top  of  the  boiler,  while  a  corresponding  quantity 
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of  cold  water  flows  from  the  bottom  of  the  boiler  into  the 
heater  through  the  return  pipe  e.  A  circulation  is  thus 
maintained  between  the  heater  and  the  boiler,  as  shown  by 
the  arrows,  and  the  heat  of  the  eas  flames  is  thus  transmitted 
to  the  water.  Gas  is  supplied  to  the  burner  by  the  pipe  /.  The 
products  of  combustion  may  pass  to  the  chimney  through  a 


Fto.  H  Fio.  ti 

3-inch  or  4-inch  smoke  pipe,  or,  if  the  kitchen  is  well  venti- 
lated, may  be  discharged  directly  into  it,  as  is  done  in  the 
case  illustrated  in  Fig.  16.  The  construction  of  the  gas 
heater  shown  connected  up  in  Fig.  16  is  illustrated  in  Fig.  17. 
It  is  composed  of  a  number  of  hollow  cast-iron  or  cast-brass 
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sections  a,  a,  each  haviog  a  number  of  flues,  as  6,  passing 
through  them.  The  sections  are  connected  together  by  nip- 
ples, the  lower  nipple  c  being  attached  to  the  water-supply 
pipe.  A  double-ring  atmospheric  burner  d  is  supplied  by  a 
gas  pipe  e.  The  gas-cock  for  d  is  located  at  /,  while  g^  is  the 
pilot-light  cock.  The  sheet-metal  cylindrical  casing  i  is 
shown  raised  over  the  flow  pipe;  this  shows  bow  easily  the 
beater  can  be  inspected  and  cleaned.  The  hole  (  is  for  the 
pilot  light,  which,  when  lighted,  throws  a  long  thin  flame 
through  this  hole  and  over  the  atmospheric  .burner.  To  start 
the  heater,  the  pilot  light  is  ignited  first;  the  gas  is  then  turned 
on  to  the  ring  burner,  and  as  soon  as  this  is  lighted,  the  pilot 
light  is  shut  off. 

31.  Gas  water  heaters  will  fail  to  give  satisfaction  when 
they  are  wrongly  connected,  and  hence  the  points  to  be 
guarded  against  are 
here  given.  It  is 
wrong  to  connect  a 
heater  to  the  side 
tapping  of  a  boiler, 
because  the  entire 
boiler  must  then  be 
heated  before  hot 
water  can  be  drawn 
from  the  hot- water 
faucets.  The  proper 
place  to  make  the 
connection  is  on  top 
of  the  boiler  to  the 
hot-water  pipe,  as 
shown  in  Fig.  16. 
It  must  never  be 
made  as  shown  in 
Fig.  18.  An  air  lock 
is  formed  at  a;   and 

the  heater  is  then  said  to  be  air  bound.  The  air  is  liberated 
from  the  water  while  it  is  being  heated  and  will  continue  to 
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accumulate  in  the  pipe  a  even  though  drawn  ofE  period- 
ically by  a  petcock.  The  air  will  prevent  a  circulation 
between  the  heater  and  the  boiler.  The  heater  will  generate 
steam  and  produce  a  disagreeable  noise  by  water  hammer. 
The  principal  object  in  connecting  the  heater  to  the  top  of  the 
boiler  is  to  give  hot  water  at  the  faucets  before  the  boiler 
is  warm. 

It  is  also  necessary  to  prevent  mud  or  sediment  that  natu- 
rally gathers  in  the  bottom  of  the  boiler  from  choking  the 
lower  or  return  pipe  to  the  heater.  A  chokage  here  will 
prevent  circulation  and  thus  produce  water  hammer  in  the 
heater  by  the  generation  of  steam.  It  is  therefore  necessary 
to  provide  a  sediment  cock  to  allow  the  boiler  and  heater  to 
be  blown  off,  that  is,  emptied,  occasionally. 

Stop-cocks  and  valves  should  never  be  placed  on  the  circu- 
lation pipes  between  a  gas  heater  and  a  boiler,  or  between 
a  range  waterback  and  a  boiler,  because  some  person  through 
ignorance  may  close  these  valves  while  the  gas  is  burning  in 
the  heater  and  thus  cause  an  explosion. 

Gas  water  heaters  for  boilers  should  preferably  be  provided 
with  a  flue  connection  to  a  chimney  to  carry  off  the  gases  of 
combustion.  This  should  always  be  done  where  the  venti- 
lation of  the  kitchen  is  poor,  as  usually  is  the  case  in  city 
houses. 

The  chief  trouble  experienced  in  the  use  of  water  heaters 
is  due  to  the  accumulation  of  soot  and  lampblack  caused  by 
the  burner  being  allowed  to  blow  back  and  bum  in  that  way 
for  some  time.  The  soot  forms  an  insulating  covering  on 
the  heating  surfaces,  which  prevents  the  water  from  being 
heated  properly.  To  remedy  this,  clean  the  heater  thoroughly 
inside  and  adjust  the  air  mixer  to  admit  the  proper  proportion 
of  air  to  the  gas.  Heaters  should  never  be  lighted  unless 
the  water  is  free  to  circulate  through  them,  since  otherwise 
the  extreme  heat  may  bum  or  warp  the  parts  and  thus  cause 
the  heater  to  leak. 

There  is  usually  a  small  amount  of  drip  from  water  heaters, 
even  when  all  water  connections  are  tight.  This  comes  from 
the  water  vapor,  produced  in  the  combustion  of  the  gas,  which 
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is  condensed  by  the  cool  surfaces  of  the  heater  when  the 
water  has  not  yet  been  raised  to  near  the  boiling  point. 
Small  pans  are  often  provided  to  catch  this  drip. 

In  some  cases,  thermostats  are  set  in  the  boiler  and  con- 
nected by  the  gas  supply  cock  to  the  heater,  in  order  that 
when  the  temperature  of 
the  water  in  the  boiler 
reaches  a  certain  point, 
the  gas  will  be  auto- 
matically turned  down, 
being  turned  on  again 
automatically  when  the 
temperature  begins  to 
drop. 

32.  Closed  In- 
stantaneous Water 
Heaters. — A  special 
form  of  heater  that  does 
not  employ  a  boiler  or 
other  storage  reservoir, 
is  used  for  heating  small 
quantities  of  water  to 
the  boiling  point  in  the 
least  possible  time.  The 
heater  is  usually  placed 
in  the  kitchen  over  the 
sink,  or  at  the  bath- 
tub or  bowl  where  the 
hot  water  is  required. 
Owing  to  the  rapidity 
with  which  heaters  of 
this  kind  will  heat  water, 

they  have  been  given  the  name  of  instantaneous  water 
beaters.  Fig.  19  shows  the  interior  construction  of  one  of 
these  devices.  The  water  is  heated  in  the  coiled  pipe  a.  It 
enters  at  the  bottom,  passes  gradually  upwards,  and  is  dis- 
charged at  the    top   through   a   faucet,  not   shown   in   the 
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figure.  The  burner  b  is  au  ordinary  Btinsen  burner,  and  the 
chimney  c  is  made  just  large  enough  to  admit  the  air  neces> 
sary  for  perfect  combustion.  The  pipe  coil  is  surrounded  by 
a  casing  d  and  e  of  firebrick,  which  prevents  loss  of  heat.  The 
hottest  part  of  the  flame  plays  on  the  upper  part  of  the  coil, 
and  the  hot  gases  pass  between  its  convolutions  and  escape 
downwards,  as  shown  by  the  arrows,  passing  out  through 
holes  in  the  base  ring  /.  The  heat  is  thus  applied  to  the  coil 
in  a  very  effective  manner,  and  a  moderate  stream  of  hot 
water  can  be  obtained  continuously. 

In  heaters  of  this  kind  there  is  danger  that  an  explosive 
mixture  of  gas  will  remain  in  the  top  of  the  fire  chamber 
when  the  burner  is  shut  off,  and  blow  badly  when  a  light  is 
applied.  This  is  prevented  by  means  of  a  damper f,  which 
is  connected  by  a  rod  h  to  the  handle  of  the  gas  valve,  so 
that  it  will  remain  open  as  long  as  the  gas  is  shut  off. 

33.  Automatic  instantaneous  heaters  in  which  the  water 
does  not  come  into  contact  with  the  products  of  combustion 
are  designed  to  take  the  place  of  both  beater  and  boiler. 
Such  heaters  consist  of  one  or  more  very  large  burners 
under  a  water  coil  or  casting  having  a  very  large  surface 
exposed  to  the  heat.  They  are  usually  placed  in  the  cellar, 
and  the  hot-water  pipes  run  from  them  to  all  parts  of  the 
house,  just  as  from  an  ordinary  house  boiler.  A  valve  is 
placed  in  the  cold-water  inlet  pipe  of  the  heater  and  con- 
nected to  another  valve  on  the  gas  supply  pipe  in  such  a 
manner  that  when  a  hot-water  faucet  is  turned  on  in  any  part 
of  the  house,  the  gas  is  automatically  turned  on  at  the  heater 
by  the  opening  of  the  cold-water  valve  there. 

Fig,  20  (a)  shows  a  healer  of  this  type  set  up  and  con- 
nected. In  Fig.  20  {b)  the  upper  half  is  tilted  over  to  show 
the  construction  of  the  interior.  The  atmospheric  burners 
at  a  are  supplied  with  gas  through  an  automatic  gas  valve  b. 
A  shut-off  valve  c  is  also  placed  on  the  gas  pipe,  bat  this  is 
left  open  when  the  heater  is  in  use.  A  pilot  valve  d  controls 
the  pilot  burner  e.  The  pilot  light  is  allowed  to  bum  all  the 
time.    Cold  water  enters  the  heater  through  a  special  valve  /, 
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flows  through  the  heating  coil  g,  over  which  the  flames  from 
the  burners  play,  becomes  heated,  and  leaves  the  beater 
through  h,  and  flows  to  the  open  faucets. 

The  form  of  heater  illustrated  by  Fig,  20  can  be  used  to 
supply  a  number  of  hot-water  faucets  located  throughout  a 
building.  The  nearer  it  is  located  to  the  faucets  the  quicker 
will  the  hot  water  be  drawn,  since  with  a  faucet  located  a 
long  distance  from  the  heater  considerable  time  is  spent  in 
waiting  for  the  cold  water  to  be  drawn  from  the  line  before 
the  hot  water  reaches  the  faucet. 


The  proportions  of  the  burner  and  heating  surface  are 
such  that  the  water  is  heated  nearly  to  the  boiling  point 
as  fast  as  it  goes  through  the  heater.  As  soon  as  enough 
hot  water  has  been  drawn,  the  faucet  is  closed.  The  water 
pressure  in  the  house  pipes  at  once  rises  to  that  of  the  street 
mains,  and  the  water  valve  on  the  heater  closes  and  the  gas 
valve  is  shut  off  at  the  same  time.  These  heaters,  while 
they  bum  a  large  amount  of  gas  when  in  operation,  are  very 
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economical  because  no  gas  other  than  the  small  amount 
used  in  the  pilot  light  is  burned  when  hot  water  is  not 
actually  being  used. 
The  gas  supply  pipe  for 
such  a  heater  should 
never  be  smaller  than 
1( inches,  and  a  connec- 
tion to  the  chimney 
should  always  be  pro- 
vided to  carry  off  the 
products  of  combustion. 
At  least  a  20-light  meter 
should  be  employed  to 
measure  the  gas  used 
by  the  heater. 

34.     The    automatic 
gas    and    water    valve 
shown     at    b    and     /, 
Pig.   20,    is    shown    in 
section  in  Fig.  21.    The 
end  a  is  screwed  to  the 
cold-water  supply  pipe, 
and  the  tapping  b  con- 
nects to  the  heater  coil. 
When  no  water  is  being 
drawn  at  the  hot-water 
faucets,  the  water  pres- 
sure in  the  space  c   is 
equal    to    that    in    the 
space  d,  because  a  small 
hole  through  the  tube  e  allows  the  pressures  to  equalize. 
But,  when  a  hot-water  faucet  is  opened,  the  pressure  falls 
in  £  and  the  pressure  in  d  will  instantly  raise  the  piston  / 
against  the  pressure  of  the  spring  g,  which  bears  down  on 
the  gas  valve  h.     The  gas  then  flows  freely  through  the  gas 
valve  to  the  burners  in  the  heater,  where  it  instantly  becomes 
ignited  by  the  pilot  light.     When  the  plunger  is  raised,  the 
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valve  i  is  opened  to  admit  a  reasonable  quantity  of  water  to 
enter  c  from  d  and  to  regulate  the  flow  and  the  difference  in 
pressure  between  c  and  d.  A  volume  regulator  or  check 
is  sometimes  located  at  j,  as  shown,  when  the  pressure  is 
high.  Stuffingboxes  are  placed  at  k,  k.  The  adjustment  of 
the  valve  is  made  by  regulating  the  tension  of  the  spring  g 
by  mean"^  of  the  nut  shown  on  top. 

35.  Open  Instantaneous  Water  Heater. — Low-pres- 
sure automatic  instantaneous  water  heaters  may  be  con- 
structed in  different 
ways,  a  popular  form 
being  that  in  which  the 
water  comes  in  contact 
with  the  products  of 
combustion.  Such  heat- 
ers are  designed  for 
use  in  bathrooms,  etc., 
where  the  water  is  used 
at  once  and  for  external 
use  only.  Fig.  22  shows 
a  heater  of  this  type.  It 
is  composed  of  an  outer 
casing,  a  set  of  atmos- 
pheric burners  at  the 
base,  and  specially  ar- 
ranged heating  plates, 
both  perforated  and 
plain.  The  water  flows 
over  one  side  of  the 
plates,  while  the  flame 
andliot  gases  come  into 
contact  with  the  other 
side;  hence,  the  water  is 
quickly  heated  as  it 
flows  toward  the  outlet  pw.  22 

nozzle.  Gas  flows  to  the  heater  through  a  valve  a,  feeds  the 
burners  at  b,  and  heats  the  internal  plates  c,  d,  and  e.    The 
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flames  strike  directly  against  the  surface  of  e;  the  gases  of 
combustion  impinge  against  the  under  side  of  the  thin  bell  it. 
Their  course  is  then  diverted,  and  the  gases  rise  through  the 
perforations  in  the  plates  forming  the  chamber  e,  escaping  to 
the  chimney  through  a  vent  flue  /.  Water  enters  the  heater 
through  the  valve  g;  which  is  hooked  to  the  gas  valve  in  such 
a  manner  that  when  the  gas  valve  a  is  open  the  water  valve 
must  also  be  open.  This  prevents  the  heater  from  being 
lighted  while  the  water  is  not  flowing  through  it,  and  thus 
prevents  the  burning  of  the  plates,  which  are  very  thin.  The 
water  valve  £"  is  furnished  with  a  checking-down  valve  i  by 
which  the  flow  can  be  regulated  to  that  best  adapted  for  the 
successful  operation  of  the  heater. 

When  the  gas-cock  is  turned  on,  the  cold  water  immediately 
flows  through  the  tube  i,  and  is  distributed  by  the  spreader 
at  J  over  the  upper  surface  of  the  upper  perforated  plate  of 
the  chamber  e.  The  water  then  percolates  through  the 
perforations  at  the  top  and  bottom  of  e,  and  falls  by  gravity 
on  the  top  of  the  bell  d,  from  which  it  flows  into  the  funnel  k, 
which  guides  it  against  the  upper  neck  of  c.  The  water  then 
runs  down  in  a  thin  sheet  over  the  outer  surface  of  c  to  the 
water-collecting  chamber  /,  from  which  it  flows  by  gravity, 
quite  hot,  through  the  outlet  nozzle  m  that  projects  over  the  , 
fixture  to  be  supplied  with  hot  water.  The  tube  n  supplies  a 
small  pilot  light  in  the  center  of  the  burners,  which  is  used 
to  ignite  them  and  may  bum  all  the  time.  Since  this  is  an 
"open  heater,  and  hence  cannot  be  used  nnder  pressure,  it 
must  always  be  located  above  the  fixture  to  be  supplied  with 
hot  water.  This  type  of  heater  is  the  most  economical  in 
the  use  of  gas,  but  it  has  the  disadvantage  of  not  being  able 
to  supply  more  than  one  or  two  fixtures,  which  must  be 
close  together. 

36.  A  J-inch  gas  supply  pipe,  if  short,  should  he  run  to 
the  heater.  If  longer  than  25  feet,  a  1-inch  pipe  should  be 
used  if  the  gas  pressure  is  2  inches  or  less.  A  flue  connec- 
tion should  t>e  made  in  all  cases,  as  the  products  of  combus- 
tion  generated  by  such  a  large  consumption  of  gas   in   a 
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room  the  size  of  the  ordinary  bathroom  renders  it  dangerous 
to  use  the  heater  without  a  flue  pipe.  In  common  with  all 
other  gas  appliances  having  large  chambers  in  which  gas 
may  accumulate,  these  heaters  are  liable  to  explode  if  the 
gas  is  turned  on  for  some  time  before  it  is  lighted. 

Generally,  these  heaters  are  set  on  a  shelf  in  the  bathroom 
between  the  bath  and  basin.  One  outlet  may  then  be  made 
to  the  bath  and  another  outlet  to  the  basin,  a  valve  being 
placed  on  the  nozzle  that  delivers  water  to  the  bath  and  a 
gooseneck  bend  on  the  nozzle  that  delivers  water  to  the 
basin.  Then,  if  the  bath  valve  is  open,  the  hot  water  will 
flow  to  the  bath  only.  If  the  bath  valve  is  closed,  the  water 
will  rise  in  the  chamber  /  until  it  overflows  through  the 
gooseneck  to  the  basin. 
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INTRODUCTION 


DUTIES   OF   THE   PLUMBER 

1.  It  is  the  duty  of  the  plumber  to  provide  dwellings 
and  other  buildings  with  systems  of  piping  that  will  (1)  sup- 
ply and  distribute  water  to  convenient  points;  (2)  receive 
and  conduct  away  ail  dirty  and  refuse  water;  (3)  conduct 
away  and  dispose  of  all  filth,  excreta,  and  other  sewage 
matter,  and  remove  all  noxious  odors  arising  therefrom. 
He  also  provides  apparatus  for  heating,  pumping,  storing, 
and  measuring  water,  as  well  as  lavatories,  baths,  laundry 
tubs,  sinks,  water  closets,  urinals,  cesspo()ls,  drains,  etc. 

The  comfort  and  healthfulness  of  dwellings,  especially  in 
towns  and  cities,  depend  in  a  great  measure  on  the  adequacy 
and  thoroughness  of  the  plumi)ing.  As  the  health  of  the 
inmates  is  seriously  affected  by  defective  drainage,  it  is 
necessary  that  the  work  of  the  plumber  shall  be  thoroughly 
and  conscientiously  performed.  The  general  public  is  pro- 
foundly ignorant  of  the  importance  of  thorough  drainage, 
and  in  many  cases  the  plumber  must  protect  pe()ple  against 
the  evil  consequences  of  their  own  ignorance.  In  many 
§15 
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communities  laws  have  been  made  that  greatly  aid  him  in 
constructing  drainage  systems  as  they  should  be. 

To  do  his  work  properly,  it  is  necessary  that  he  should 
possess  a  complete  knowledge  of  the  nature  of  thc'Riaterials 
that  may  be  used  for  his  purposes.  He  should  also  become 
familiar  with  the  mode  of  performing  the  necessary  opera- 
tions upon  them,  both  the  shop  work  and  the  outside  work; 
and  he  should  acquire  a  clear  comprehension  of  what  is 
necessary  to  constitute  an  efficient  and  satisfactory  system 
of  water  supply,  a  safe  and  reliable  system  of  drainage,  and 
a  complete  and  convenient  outfit  of  fixtures  and  domestic 
apparatus. 

PLUMBERS'  SUPPLIES 

2.  The  supplies  needed  by  the  plumber  consist  of  two 
classes — plumbing  materials  and  plumbing  fixtures. 

Under  the  heading  of  plumbing  materials,  it  is  custom- 
ary to  classify  the  raw  materials,  as  sheet  metals  of  various 
kinds,  solder,  bakum,  asphaltum,  plaster  of  Paris,  pipes  of 
various  kinds,  pipe  fittings,  cocks  and  valves,  and  similar  ma- 
terials that  are  either  worked,  by  the  plumber,  into  a  shape 
suitable  for  the  purpose,  or  are  used  for  connection  to  the 
plumbing  fixtures,  or  directly  form  part  of  the  connection. 

The  general  term  of  plumblnff  fixtures  is  applied  to  such 
manufactured  articles  as  sinks,  tubs,  lavatories,  drinking 
fountains,  baths,  urinals,  water  closets,  etc.  that  are  installed 
in  residences  and  public  buildings. 


SHEKT   METALS 


SHEET   LEAD 

3.  Sheet  lead  is  commercially  pure  metallic  lead  that 
has  been  rolled  into  sheets  by  passing  blocks  of  the  metal  to 
and  fro  between  heavy  rolls  until  it  has  been  rolled  out  to 
the  desired  thickness.  This  product  is  known  as  milled 
sheet  leiul.     It  is  the  only  kind  that  can  be  obtained  from 
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plumbers'  supply  houses  (i 
ply  material  to  plumbers), 
furnish  cast  sheet  lead. 


y*i  inch.  . 


m  inch. 
2Jiltttparaq.ft 


H4inch. 

4lb9>par8q.ft. 


Vte  Inch. 
5lbs.peraq.fl. 


6lbSLpers(|.fl. 


8lb»,pertq,ft. 


e,,  the  firms  or  stores  that  sup- 
unless  special  orders  are  given  to 

This  latter  kind  is  made  by  first 
leveling  a  bed  of  fine  molding 
sand,  having  the  size  and  shape 
of  the  sheet  desired,  the  sides 
and  ends  being  formed  into  little 
embankments  to  prevent  the 
molten  lead  running  out  of  the 
bed,  then  pouring  clean  molten 
lead  on  the  bed,  and  before  it 
has  set  drawing  a  straight -edged 
board  over  it  to  give  the  lead 
a  uniform  thickness.  Milled 
lead  is  much  cheaper  and 
stronger  than  cast  lead,  but  it  is 
not  as  soft  nor  so  easily  worked 
into  different  shapes.  Cast  sheet 
lead  is  so  seldom  used  nowadays 
that  manufacturers  and  dealers 
always  assume  that  milled  lead  in 
wanted  by  their  customers  when 
no  particular  kind  is  specified. 


I      4.     Sheet  lead  is  very  malle- 
able   and    can    be   worked   into 

almost  any  shape.     Its  tenacity 
I  is  low,   and  it  is  apt  to  tear  if 
stretched  very  much.    It  becomes 
hard  and  brittle  if  subjected  to 
I  much  bending  or  beating.     Sheet 
1  lead  is  always  specified  and  des- 
ignated by  its  weight  per  square 
foot;   thus,  sheet  lead  weighing 
6  pounds  per  square  foot  is  called   6-pountI  sheet  lead. 
It  is  manufactured  in  any  thickness,  weighing  from  1  to 
33  pounds,  or  more,  per  sijuarc  foot.     Fig.  1  shows  the  actual 
thickness  of   sheet   lead   of   the   several   weights.      Sheets 
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weighing  less  than  21  pounds  per  square  foot  are  too  light  to 
be  used  in  the  plumbing  trade.  The  kinds  in  common  use 
vary  from  4  to  8  pounds  per  square  foot.  The  weights  gen- 
erally carried  in  stock  by  merchants  are  2,  2J,  3,  3J,  4,  4J,  5, 
6,  7,  and  8  pounds  per  square  foot.  Sheet  lead  is  shipped  to 
plumbers  in  rolls,  similar  to  that  shown  in  Fig.  2,  varying 
in  width  from  3  feet  C  inches  to  9  feet,  according  to  order. 
Owing  to  the  fact  that  sheet  lead  is  easily  cut  and  bruised 
by   rough  handling,  it  is  advisable  to   have  it  shipped  in 


boxes.  Special  sheets  for  use  in  chemical  manufactories,  oil 
refineries,  etc.  can  be  had  by  special  order.  Sheet  lead  is 
used  by  plumbers  in  the  United  States  of  America  chiefly 
for  lining  water  tanks,  safes  under  the  plumbing  fixtures, 
roof  flashings,  etc.  But  in  Great  Britain  and  other  foreign 
countries  it  is  used  extensively  by  plumbers  for  covering 
flat  roofs,  and  for  ridges,  valleys,  gutters,  and  flashings  of 
pitched  roofs. 


5,  Sheet  copi)er  is  made  from  copper  rolled  into  sheets 
when  hot  by  heavy  steel  rolls.  It  is  supplied  so//,  or 
annealed,  and  cohi-rolhd,  or  with  a  mirror  finish.  Both  kinds 
are  tinned  on  one  or  both  sides,  or  are  left  in  the  natural 
condition.  Sheet  copper  is  designated  by  its  weight  in 
ounces  per  sijuare  foot.  The  sheets  in  common  use  range 
from  10  to  30  ounces  per  square  font;  the  largest  sheets  of 
10-ounee  copper  usually  kc]it  in  stock  are  4S  in,  X  !*<>  in. 
The  heavier  sheets  are  made  (10  in.  x  \W,  in.  Rolled  copper 
has   a   specific   gravity   of   8.93.      One   cubic   foot  weighs 
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SSfAViF  pounds,  while  1  square  foot,  1  inch  thick,  weighs 
*6|^oV  pounds.  The  weights  and  dimensions  of  the  standard 
sizes  of  sheets  are  given  in  Table  I,  which  has  been  adopted 
as  the  official  table  by  the  Association  of  Copper  Manufac- 
turers of  the  United  States, 

6.  Soft-rolled  copper  coated  with  tin  on  one  side  Is  gen- 
erally used  by  plumbers  for  lining  tanks,  safes,  etc.  Nearly- 
all  water-closet  flushing  tanks  are  lined  with  sheet  copper. 
All  sheet  copper  furnished  by  some  of  the  best  manufac- 
turers is  numbered,  according  to  its  thickness,  by  the 
Stubs's  gauge;  all  sheet  brass  is  numbered  according  to 
Brown  &  Sharpe's  gauge.  When  the  name  of  the  gauge 
is  not  given  with  an  order  for  sheet  brass  or  copper,  orders 
are  usually  filled  to  correspond  with  the  gauges  named 
above.  In  ordering  sheet  metal,  where  gauge  number  or 
weight  is  unknown,  the  difficulty  may  be  overcome  by 
enclosing  a  sample  piece  with  the  order.  In  ordering  sheet 
metal,  always  state  the  temper  desired,  that  is,  whether 
hard,  semi-annealed,  or  soft;  also  state  the  surface  finish 
desired,  that  is,  whether  plain,  tinned,  cold-rolled  and 
tinned  and  polished,  culd-rolled  and  tinned  and  not  polished, 
or  planished  copper  tinned  on  one  side.  Be  careful  to 
specify  the  sizes  of  the  sheets  that  are  best  suited  to  your 
purposes.  The  cold-rolled  copper  is  smooth  and  clean,  being 
carefully  buffed  to  a  high  polish,  which,  however,  will  tar- 
nish, because  the  polished  surface  is  not  protected  from 
the  action  of  the  weather.  Planished  copper  is  highly 
polished  and  coated  with  an  elastic  enamel,  which  prevents 
its  tarnishing.  All  unprotected  copper  will  tarnish  rapidly. 
Copper  becomes 
hard  if  it  is  ham- 
mered. 

7.  Sheet  copper 
shipped  in  rolls, 
shown  in  Fig.  3, 

and  may  or  may  not   hu  boxed.      Table   II  shows  the  sizes 

and  weights  of  copper  sli 
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STOCK   SIZES  OF  SHEET  COPPBB 


Kind  of  Copper 

Size  of 
Sbeet. 
IncliB* 

Ounces 

24X48 
30  X  60 

48  X  73 

10x48 
I2X4B 
14x46 

24X48 
30X60 

36  X  72 
48  X  7» 
48  X96 
10X46 
12X4B 
la  x5o 
14  X  46 
14  X  52 
14  X  56 

14X  60 

24X4B 

30  X  60 
24  X  46 

30X  60 
20x96 

24  X  48 

24X9<> 
30X  60 
30  X  72 
30X96 
36  X  72 

12  X48 

14  X  52 

14  X  5& 
14  X  60 
14  X  48 
24  X  48 
30  X  60 

Plain 

9  to  154 

Tinned 

Cold-rolled  and  tinned,  not  polished 

14,  16.  and  20 

14  and  16 

Planished  copper,  tinned  on  one  side 

Planished  copper,  tinned  on  one  side 

Planished  copper,  tinned  on  one  side  

Planished  copper,  tinned  on  one  side 

14 

"4 
12  to  20 
14  and  16 
16  and  20 
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SHRET  ZINC 

8.  Sbeet  zinc  is  designated  by  its  weight  in  ounces  per 
square  foot.  It  is  furnished  in  casks  or  rolls  as  ordered.  A 
cask  of  zinc  is  shown  in  Fig.  4;  this  cask  weighs  about 
(iOO  pounds.  The  weights  and  thicknesses  of  the  sheets  are 
as  follows; 

TABLE   III 

SIZES  ANI>  WEIGHTS  OF  »HEET  ZINC 

Weight  in  ounces  per  square  foot      lo         12  14  16         18        20 

Thickness  in  inches 0311    .0457    ,0534    .0611    .0686  .0761 

Zinc  is  a  bluish-white  metal  and  is  highly  crystalline.  It 
is  hard  and  brittle  at  the  ordinary  temperature  and  also  at 
4()0°  F.  But  at  intermediate  temper- 
atures, between  'iVi°  F.  and  302°  F., 
it  is  malleable  and  ductile,  and  can 
then  be  rolled  into  thin  sheets. 

Note.— The  initial  letter  F.  is  an  ab- 
breviation of  the  word  Fahrenheit.  Thus, 
400°  F.  means  a  temperature  of  400'  on  the 
Fahrenheit  thermometer,  the  one  ordina- 
rily used  In  this  country  and  Great  Britain. 
Unless  otherwise  slated,  all  degrees  of  tem- 
peratures win  be  according  to  the  Fahren- 
heit thermometer,  whether  indicated  as 
such  or  not. 

Zinc  is  seldom  used  by  plumbers 
in  the  United  States,  except  for 
waterproofing  such  chambers  as  ice 
chests,  or  for  lining  corn  bins  in 
stables,  or  small  water  tanks.     The 

weights  most  commonly  used  are  I'J,  14,  and  IG  ounce,  the 

latter  being  used  chiefly  for  tank  linings. 


SIIKKT    KI.IX'K    TIN 

9.  Tin  in  sheet  form,  liki-  sheet  lead,  is  made  from  solid 
blocks  of  the  pure  metal  by  the  roilinj;  process.  It  can  be  had 
in  sheets  having  the  same  length  and  breadth  as  sheet  lead; 
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and,  like  lead,  is  known  by  its  weight  in  pounds  per  square 
foot.  Owing  to  its  lower  specific  gravity,  tin  sheets  are 
thicker  than  lead  sheets  of  the  same  weight  per  square  foot. 
Fig.  5  shows  the  thickness  of  the 
.  common  grades  usually  kept  in 
stock  by  manufacturers.  The 
sizes  mostly  used  by  plumbers  are 
•  from  IJ  to  3  pounds,  inclusive, 
the  latter  being  used  chiefly  for 
tanks  and  the  former  for  flashing 
'  around  pantry  sinks,  etc.  To 
distinguish  this  sheet  metal  from 
tin-coated  iron  sheets,  it  is  called 
'  sbeet  block  tin. 


Ilh  par  sq.ft. 
Vk  inch. 


IJilba-peraq-ft 


glb9.pw8q.ft. 


2Klbs.paraq.ft. 


Vie  Inch. 


3  iB»,  per  sq.ft. 


Hs  Inch. 
3Hibs.paraq.ft. 


Ml  inch, 
41b&pafsq,ft 


Vwinch. 

4mbs.pBrsq.fl, 


Fio. ; 


gauges  used  for  this  pui 


measurements. 

The  gauge  in  most 
America  is  gi 


SHEET  IRON  AND  STEEL 

10.  HIack,  Galvanized,  and 
Russia  Iron. — Iron  and  steel  in  ' 
the  form  of  sheets,  called  sheet 
Iron  and  sheet  steel,  respect- 
ively, can  be  obtained  oold- 
rolled  and  hard,  or  annealed 
and  soft.  Either  kind  can  be 
had  in  the  natural  state,  when  it 
is  called  black,  or  coated  with 
zinc,  when  it  is  called  galvau- 
Ized.  Sheets  range  in  size  from 
24  in.  X  73  in.  for  the  thin  sheets, 
to  30  in.  X  84  in.  or  larger  for 
the  heavier  ones.  Sheet  iron  is 
designated  by  its  thickness  as 
measured  by  a  wire  gauge. 
There  are  many  varieties  of 
pose,  which  differ  greatly  in  their 


Table  IV,  whicli  h: 


n  the  United  States  ()f 
been  adopted  as  a 
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"rzt:- 

«„-riif  "^^^0! 

.P«' Square   Weigh 

i?V  Md"" 

Number 

in  Pounds          Fool 

of  Gsogo 

in  Frac- 

Decimal  Parts             *' 

irdupoim. 

tiOQHOf 

°'""" 

Iron 

Steel 

ooooooo 

J 

.500000000                    30 

000000                  30 

4000000 

.468750000                    18 

750000                  19 

1250000 

^ 

.437500000                    17 

500000                  17 

8500000 

,4o6a;oooo               16 

350000                  16 

57SOOOO 

.375000000               15 

000000                  15 

.343750000               13 

750000                  14 

0250000 

.312500000               12 

500000                     12 

7500000 

g 

.281250000               II 

250000                     II 

4750000 

625000                     10 

8375000 

3 

. 250000000               10 

4 

.234375000                 9 

375000                        9 

5625000 

5 

750000            a 

9350000 

6 

.203125000                 6 

125000                     8 

2875000 

7 

fi 

.187500000                 7 

500000            7 

6500000 

B 

.171875000                 6 

875000            7 

0125000 

9 

.156250000                 6 

250000                  6 

3750000 

. 140615000                 5 

625000                  5 

7375000 

£ 

. 125000000                 5 

.109375000                 4 

375000                  4 

4625000 

13 

J 

.093750000                 3 

750000                  3 

8250000 

14 

.078125000                 3 

125000                  3 

1875000 

15 

"fr 

.070312500                 2 

812500                  3 

8687500 

16 

.062500000                 2 

500000                  3 

5500000 

>7 

350000                  3 

2950000 

18 

.050000000                 2 

0400000 

'9 

.043750000                 1 

750000                  I 

7850000 

,037500000                 I 

500000                  I 

S3OOO0O 

vt" 

.034375000                 I 

375000                  I 

4025000 

.031250000                 1 

250000                  I 

3750000 

23 

.028125000                 I 

125000                  I 

1475000 

24 

.025000000                 1 

35 

.021875000 

875000 

8925000 

ib 

.018750000 

750000 

7650000 

Vi'o 

.017197500 

687500 

7013500 

28 

7r 

.015625000 

625000 

6375000 

'9 

Ax 

.O14O<l3500 

562500 

5737500 

30 

," 

.012500000 

31 

.". 

.oioc>375oo 

43750" 

4462500 

32 

'iU 

.010156250 

400250 

4143750 

33 

ViV 

.ooo375""o        1 

375000 

3825000 

34 

tHo 

.u<>S5.,3750        j 

343750 

3506250 

35 

VS. 

-oo7Si25'x> 

3125"" 

31S7500 

3<^ 

'}" 

.007031250 

28 [2 5" 

2868750 

37 

liig 

.0.^)64.  .625 

265625 

2709375 

3S 

tItp 

,oi..625<>«x)        1 

25I.K)0 

2550000 
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standard  by  the  American  Railway  Master  Mechanics' 
Association  and  also  the  Association  of  American  Steel 
Manufacturers. 

11.  Since  there  are  different  gauges  in  use  by  the  differ- 
ent manufacturers,  and  as  the  thickness  of  a  sheet  stamped 
with  the  same  gauge  number  varies  according  to  the  kind 
of  gauge  used  by  the  manufacturer  of  that  sheet,  it  is  advis- 
able to  specify  the  weight  per  square  foot,  or  the  thickness 
in  thousandths  of  an  inch  when  ordering  sheet  metal. 


Sheet  iron  is  shipped  in  flat  bundles  put  up  as  shown  in 
Fig.  6,  being  firmly  clamped  together  with  strap-iron  bands. 
Each  sheet  should  be  stamped  with  the  maker's  trade  mark 
and  the  gauge  number. 

13.  Kussia  Iron  is  a  class  of  sheet  iron  having  its  sur- 
face especially  prepared  to  resist  corrosimi  by  a  covering  of 
flexible,  transparent  enamel.  (Jenuine  Russia  iron  is  made 
in  Russia,  but  American  made  Russia  iron  can  now  be 
obtained  which  is  fully  equal  to  the  imp<irted  product. 

13.  Sheet  Tln.^The  article  of  commerce  known  as 
eta^et  tin,  and  also  as  roofliiK  tin,  is  nut  tin  in  the  true 
sense;  it  is  simply  a  thin  steel  or  wrought-iron  sheet  coated 
on  both  sides  with  block  tin.  The  strength  is  given  by  the 
iron  or  steel  body,  and  the  durability  by  the  tin  coating, 
which  especially  protects  the  sheets  when  exposed  to  the 
weather.  Sheet  tin  is  generally  used  for  roofing  purposes. 
City  plumbers  seldom  use  it,  for  tinsmiths  do  all  tin  work 
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there;  Init  in  country  towns  and  villages  the  plumbers 
should  have  a  fair  Itnowledge  of  tin  work,  as  they  are  called 
upon  to  do  it.  When  plates  are  coated  with  tin  alone,  they 
are  known  as  tin  plates;  when  coated  with  a  mixture  of 
lead  and  tin,  they  are  known  as  terne. 

14.    The  original  method  of  manufacture  was  to  dip  the 

plates  into  the  melted  covering  material,  the  sheets  being 
allowed  to  take  on  all  the  coating  possible.  Many  of  the 
best  grades  of  roofing  tin  are  still  made  by  this  process. 
Another'process  is  known  as  the  patent  roller  process,  by 
which  the  plates  are  put  into  a  bath  of  molten  covering 
material  and  then  passed  between  iron  rolls.  The  pressure 
on  the  rolls  leaves  on  the  plates  a  thickness  of  coating  that 
is  determined  by  the  distance  the  rolls  are  apart  and  the 
thickness  of  the  sheet  steel.  The  rolls  can  be  adjusted  to 
squeeze  off  nearly  all  the  coating,  or  to  leave  it  on,  just  as 
the  manufacturer  sees  fit,  and  just  as  the  trade  will  accept 
or  reject  the  material. 


15.     Th(^re  are  dim-rent  1 
in,irk<a  xil  pr(.-scnl.      Snnie  ;ii 


(if  roofing   i)lates  in  the 
d  <loiil»U'-coatf<1,  some 
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redipped,  others  double-clipped,  etc. ;  but  these  terms  are 
somewhat  misleading,  for  they  seem  to  imply  that  the  sheets 
have  been  dipped  twice  in  tin. 

To  test  tin  plates,  take  a  knife,  run  it  over  the  surface  and 
peel  off  the  covering,  as  shown  in  Fig.  7,  in  order  to  discover 
its  thickness.  It  is  very  important  that  the  thickness  of  the 
coating  should  be  tested  before  the  tin  is  allowed  to  go  on  a 
roof. 

16.  To  avoid  trouble,  the  best  manufacturers  have  an 
assorting  department,  where  the  defective  sheets  are  picked 
out  and  separated  from  the  good  ones.     In  the  manufacture 


of  roofing  plates,  imperfect  sheets,  such  as  sheets  with 
blisters,  broken  corners,  cracks,  and  other  flaws,  occur.  All 
these  sheets  are  called  wastei-w.  These  are  packed  by  them- 
selves, the  boxes  containing  IC  sheets  being  marked  "ICW," 
and   those   containing    IX  sheets,    "IXW. "      Wasters    are 
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always  sold  at  prices  considerably  lower  than  the  primes, 
or  perfect  sheets,  of  the  same  brand.  Tin  and  terne  plates 
for  roofing  and  other  purposes  are  shipped  in  boxes,  as 
shown  in  Fig.  8. 

17.  There  are  two  regular  sizes  of  roofing  plates, 
namely,  30  in.  x  28  in.,  and  14  in.  x  20  in.  The  larger 
size  is  generally  used  on  common  work,  from  the  fact 
that  it  requires  fewer  seams  on  the  roof  and,  consequently, 
cheapens  the  cost  of  laying.  A  third  size,  namely,  10  inches 
by  20  fnches,  is  also  supplied,  and  is  used  generally  for 
gutters  and  leader  pipes. 

Two  thicknesses  of  roofing  plates  arc  commonly  recog- 
nized; one  is  the  IC,  which  is  No.  39  gauge  and  weighs 
9  ounces  to  the  square  foot;  the  other  is  the  IX,  or  No.  27 
gauge,  and  weighs  10  ounces  to  the  square  foot.  Sometimes 
a  still  heavier  plate  is  called  for,  and  it  is  therefore  kept  in 
stock  by  the  best  manufacturers.  This  plate  is  known  as 
IXX,  or  No.  26  gauge,  which  is  used  for  specially  heavy  work. 

The  standard  net  weight  per  box  of  IC  14  in.  x  30  in. 
roofing  tin  used  to  be  112  pounds,  or  1  pound  per  sheet, 
making  112  sheets  to  the  box,  but  now  it  is  reduced 
to  108  pounds.  The  old  standard  for  IX  plates  was 
140  pounds,  but  very  few  brands  now  weigh  more  than 
135  pounds  per  box.  The  most  reliable  manufacturers  guar- 
antee the  weights  for  the  different  bo.\es,  and  if  tiie  boxes  do 
not  come  up  to  the  guaranteed  weight,  they  can  be  shipped 
back. 

The  best  sheets  on  the  market  today  are  stamped  with  the 
mark  of  the  brand,  and  with  the  designation  IC  or  IX  of  the 
thickness. 


SOTjDER 

18.  Solder  is  an  alloy  of  two  or  more  metals  which, 
when  melted,  will  adhere  strongly  to  the  cleaned  surfaces  of 
other  metals  that  are  less  fusible.  Solders  are  classified  as 
/aire/  or  so//,   according  to  their   relative   fusibility.  ■    Any 
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desired  fusing  point  may  be  obtained  by  varying  the  pro- 
portions and  kind  of  ingredients.  Table  V  shows  the 
composition  and  fusing  points  of  the  various  solders  in 
common  use: 

TASUE  T 


Hftra 

Soft 

Fn«n>{ 

Point 

Variety 

Zinc 

Cop- 
per 

Sliver 

Tin 

Lend 

Blt- 

ranth 

De- 
grees 

F. 

Spelter,  hardest 

' 

i 
4 

3 

3 

4 

3 

3 

4 

TOO 

S50 

Silver,  medium 

Plumbers',  coarse 

Plumbers',  ordinary 

460 
441 

400 
370 
330 

For  tin  oioe 



19.     Hard  solders  are  not  used  by  plumbers,  except  in 
the  exceptional  cases  where  brass,  copper,  or  iron  tubes  or 
other  work  requires  to 
be  brazed  for  strength. 
Soft  solders  are  known 
to  plumbers  as  strap  / 
solder,  which   is  used     -  fig.  9 

for  soldering  with  the 

copper  bit,  and  iviplnK  solder,  which  is  used  for  making 
wiped  joints.  Fig.  9  shows  a  bar  of  strap  solder  of  the 
brand  known  as  ha//  and  half.  Each  bar  weighs  about 
1  pound. 
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Fig.  10  shows  a  bar,  or  ingot,  of  wiping  solder.     Each  bar 

weighs  about  5  pounds.     Solder  should  always  be  purchased 

from    the    most    reliable    supply 

houses,  for  it  is  false  economy  to 

use  low-grade  solders. 

20.    Maklnar  Soft  Solder.— To 

make  good  solder,  it  is  necessary 

to   secure   pure    materials.      The 

lead  and   tin   of    commerce   vary 

considerably    in    purity.        After 

deciding  on  the  proportions  of  lead  and  tin  that  are  required 

to  make  the  desired  kind  of  solder,  the  lead  should  be  melted 

first,  care  being  taken  to  avoid  overheating  the  metal.     The 

melted  metal  should  be  stirred   thoroughly  and  the  dross 

that  floats  on  the  surface  removed.     The  tin  should  then  be 

added,  and  as  soon  as  it  is  melted  the  metal  should  be  stirred 

so  as  to  secure  the  thorough  mixture  of  the  lead  and  tin. 

While  stirring,  a   small  quantity  of  black  rosin  should  be 

added.     When  the  metal  becomes  hot  enough  to  ignite  a 

piece  of  newspaper,  it  should  be  skimmed  and  then  poured 

into   molds,   care   being   taken    that   the   molds   are   clean 

and  dry. 

The  two  metals  will  separate  if  the  melted  solder  is  allowed 
to  stand  without  stirring,  because  of  the  difference  in  specific 
gravity  of  the  lead  and  tin,  their  weights  being  in  the  pro- 
portion of  about  11  to  7.  Therefore,  thorough  stirring  is 
indispensable. 

21.  Soft  solder  is  quickly  spoiled  by  overheating.  Both 
metals  oxidize  rapidly  at  a  low,  red  heat,  but  the  tin  oxidizes- 
faster  than  the  lead.  A  thick,  yellow  crust  will  form  on  the 
surface  of  the  molten  metal,  which  will  exclude  the  air  and 
thus  retard  the  axidizatiim.  If  this  crust  is  left  undisturbed 
until  the  metal  cools  to  the  proper  working  temperature, 
which  is  not  over  liiio",  and  is  then  removed,  the  solder  may 
be  restored  to  proper  quality  by  the  addition  of  a  little  tin. 
The  molten  metal  should  not  be  stirred  while  any  oxide 
remains  upon  its  surface. 
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22.  Soft  solder  becomes  impure  and  useless  by  the 
gradual  accumulation  of  oxides,  or  iron  and  brass  tilings, 
and  also  by  contamination  with  zinc. 

A  common  method  of  purifying  impure  soft  solder  is  as 
follows;  The  metal  is  heated  to  about  800°,  which  is  a  very 
dull-red  heat,  just  visible  in  the  dark,  but  not  visible  in  day- 
light. A  quantity  of  sulphur  is  thrown  upon  the  metal  as 
soon  as  it  is  melted,  and  the  metal  is  then  well  stirred,  in 
order  to  bring  all  parts  of  it  into  contact  with  the  sulphur. 
The  sulphur  combines  with  the  zinc  and  brings  it  to  the 
surface  as  dross.  The  oxides  will  also  come  to  the  surface; 
sometimes  they  will  cling  to  the  sides  of  the  pot.  The  metal 
is  then  thoroughly  skimmed  (the  crust  being  taken  off  whole, 
if  possible)  and  allowed  to  cool  to  low  working  heat,  about 
480°,  after  which  a  little  tallow  is  stirred  into  it.  This  will 
remove  the  last  of  the  sulphur  and  the  metal  will  appear 
very  clean.  It  will  probably  require  the  addition  of  a  little 
tin  to  restore  the  proper  quality. 

Sometimes  a  batch  of  soft  solder  will  work  well  for  about 
a  dozen  heats  and  then  become  unworkable.  This  is  usually 
due  to  impurities  in  the  tin,  it  being  contaminated  with 
antimony  or  bismuth. 

As  a  proof  that  the  tin  will  separate  from  the  lead  when 
the  solder  is  in  a  plastic  state,  dig  a  hole  in  the  nearly  set 
solder  in  the  pot,  and  the  tin  will  filter  down  and  settle  in  a 
little  pool  at  the  bottom  of  the  hole,  leaving  a  chalky-looking 
and  porous  metal  above, 

83.  Testing  the  Quality  of  Soft  Solder.— Having  the 
melted  solder  at  a  temperature  of  about  600°  (which  will 
scorch  paper,  but  will  not  ignite  it),  pour,  as  shown  in  Fig.  1 1, 
a  little  of  it  upon  a  stone  that  is  perfectly  dry,  clean,  and 
level,  and  form  a  cake  as  large  as  a  dollar  and  about  {  inch 
thick.  Good  solder  will  show  a  number  of  clear  spots,  from 
four  to  six  to  the  inch,  upon  the  top  surface  of  the  cake. 
If  the  cake  turns  white  and  chalky,  the  solder  is  prob- 
ably too  coarse;  that  is,  the  percentage  of  lead  is  too 
great.     If  it  cools  with  a  bright  top  surface,  with,  perhaps, 
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a   little   gray  or   chalky  center,   the  percentage  of  tin  is 
too  great. 

The  most  certain  way  to  test  the  quality  of  solder  is  to 
prepare  a  lead  pipe  and  proceed  to  make  a  wiped  joint.  If 
the  solder  is  good,  it  will  cling  to  the  pipe  and  remain  plastic' 
until  too  cool  to  work.     If  the  proportion  of  tin  is  too  great, 


it  will  set  or  harden  too  quickly  and  the  metal  will  appear 
bright.  Beads  of  tin  will  jirobably  drop  from  the  under  side 
of  the  joint.  If  the  proportion  of  lead  is  too  great,  it  will 
require  a  long  time  to  get  up  the  heat,  and  when  the  joint 
is  finished  the  metal  will  appear  chalky  and  porous. 

24.  Fluxes. — In  order  to  aid  the  fusion  of  solder  and  to 
clean  the  surface  of  the  metals  to  be  joined,  and  thus  pro- 
mote the  adhesion  of  the  melted  solder,  fluxes  are  used. 
Table  VI  gives  some  of  the  most  common  fluxes  and  the 
metals  they  are  chiefly  used  upon. 

35.    Chloride  of  zinc  is  prepared  by  mixing  muriatic 

(hydrochloric)  acid  with  zinc,  which  is  in  the  form  of  grains, 
chips,  or  strips.  The  acid  and  zinc  rapidly  combine,  and 
during  the  process  a  quantity  of  gas  is  disengaged,  which 
causes  the  liquid  to  boil  and  emit  copious  fumes,  which  are 
very  corrusive:  considerable  heat  is  also  generated.  The 
acid  may  lie  diluted  with  water  to  reduce  the  strength  of  the 
solution  when  desired.     When  the   liquid  stops  boiling  or 
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giving  off  bubbles  of  gas,  the  acid  is  saturatecl ;  that  is,  it 
has  dissolved  all  the  zIqc  that  it  is  capable  of  holding  in 
solution. 

Chemically  pure  muriatic  acid  is  as  clear  as  water,  while 
the  commercial  is  yellow.  This  is  on  account  of  the  impu- 
rities it  contains,  such  as  iron,  arsenic,  or  organic  matter. 
The  commercial  is  good  enough  to  use  in  making  the 
chloride-of-zinc  flux. 


TABLE  VI 


FlQI 

Metals  to  be  Joined 

Rosin 

Lead,  tin,  copper,  brass,  and  tin- 
ned metals  (used  with  the 
copper  bit  or  blowpipe). 

Tallow  (without  salt) 

Lead,  tin,  or  tinned  metals  (used 
with  the  blowpipe  or  wiping 
process). 

Copper,  brass,  and  iron  (used 
with  the  copper  bit  or  blow- 
pipe). 

Muriatic   acid,   or   hydro- 

Dirty  zinc  (used  with  copper  bit). 

Clean  zinc,  copper,  brass,  tin,  and 
tinned  metals  (used  with  cop- 
per bit  or  blowpipe). 

Rosin  and  sweet  oil 

Lead  and  tin  tubes  (used  with 

copper  bit  or  blowpipe). 

Iron,  steel, copper,andbrass(used 

with  blowpipe). 

I 


D.qil.zMBlG001^le 


20  PLUMBING  MATERIALS  AND  TOOLS       §  15 

MISCELLANEOUS    MATERIALS 

36.  Oakum  is  composed  of  fibers  of  hemp,  which  are 
made  to  adhere  strongly  together  by  moistening  them  with 
pine  tar.  Itcan  beobtainedin  bales,  either  loose  or  slightly 
twisted. 

37.  Asphaltum  is  a  native  mineral  pitch  or  bitumen, 
and  is  found  in  several  localities  in  the  United  States,  but 
the  greater  part  of  the  supply  is  obtained  from  European 
sources.  It  is  black  or  dark  brown  in  color,  and  has  a  high 
luster  on  its  fractured  surfaces.  Its  specific  gravity  is 
about  1,1.  It  melts  and  burns,  leaving  no  residue,  and  dis- 
solves completely  in  petroleum  or  turpentine.  For  the  pur- 
pose of  making  waterproof  coatings  on  brickwork,  etc.,  it  is 
mixed  with  coal  tar  and  is  put  on  hot.  It  is  used  for  coat- 
ing all  kinds  of  ironwork  that  is  exposed  to  dampness  or  is 
buried  in  soil.  Pipes,  etc.,  that  are  to  be  thus  coated 
should  be  heated  to  the  melting  point  of  the  asphaltum 
before  they  are  dipped. 

38.  Plaster  of  Paris  is  used  in  the  plumbing  trade 
chiefly  for  bedding  or  setting  marble  work,  making  joints 
about  wash  basins,  cocks,  etc.  It  should  be  mixed  in  small 
quantities  with  water  to  the  consistency  of  thick  cream, 
and  should  be  applied  as  quickly  as  possible,  for  it  sets 
rapidly;  it  should  not  be  disturbed  while  setting.  Plas- 
ter of  Paris  is  very  porous  and,  therefore,  is  not  suitable  for 
making  joints  under  water.  If  plaster  of  Paris  begins  to 
set  while  it  is  being  applied,  throw  it  away  and  mix  up  a 
fresli   batch.     Do   not   attempt   to  thin   it  out  with  more 

39.  Portland  cement  is  used  by  plumbers  for  many 
purposes,  chiefly  for  jointing  earthenware  pipes.  It  should 
not  be  used  in  the  pure  state,  but  should  be  mixed  with  an 
equal  quantity  of  clean  sharp  .sand,  and  then  tempered  with 
dean  water  into  a  lliick  nioriar.  If  loo  much  cement  is 
mixed  at  a  time,  it  will  bcjiin  to  st-l  before  it  can  be  applied. 
Portland  cement  should  not  be  iLiiipcrfd up,  that  is,  thinned 
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with  water  when  it  has  begun  to  harden,  for  any  purpose 
except  for  bedding  or  supporting  the  fireclay  pipes.  This 
cement  will  set  under  water;  a  barrel  of  it  weighs  about 
400  pounds. 

30.  Itosendale  cement  is  similar  to  Portland  cement, 
but  is  not  so  strong  and  is  of  an  inferior  nature.  It  should 
be  mixed  with  sand,  the  same  as  Portland  cement,  before 
being  tempered  with  water.  It  is  not  suitable  for  jointing 
fireclay  pipes  or  other  work  under  water.  A  barrel  of  this 
cement  weighs  about  300  pounds. 

31.  GlazlerB'  putty  is  made  by  mixing  about  7  parts  of 
whiting  with  3  parts  (by  weight)  of  boiled  linseed  oil.  It  is 
used  for  bedding  woodwork  around  fixtures,  and  for  bedding 
cast-iron  sinks,  etc. 

3!3.  Red  lead  is  mainly  oxide  of  lead,  and  is  sold  in 
kegs  in  the  form  of  a  heavy  powder.  It  is  prepared  for  use 
by  mixing  it  in  small  quantities  with  boiled  linseed  oil  just 
before  using.  It  becomes  very  hard  in  setting,  and  is  used 
to  bed  fixtures,  and  to  set  slate  slabs,  etc.,  but  must  not  be 
used  with  marble. 

33.  White  lead  is  a  carbonate  of  lead  ground  to  a  fine 
paste  with  boiled  linseed  oil.  It  is  the  basis  of  nearly  all 
good  house  paints,  and  is  used  for  the  same  purposes  as  red 
lead. 

34.  Pluinl>ers'  soil  is  made  of  lampblack,  water,  and 
glue.  Most  pluriibers  prefer  to  buy  the  already  prepared 
soil  from  plumbers' supply  houses;  some,  however,  choose 
to  make  it  themselves.  To  make  plumbers'  soil,  take  a 
package  of  lampblack  and  mix  it  in  a  mortar  with  water. 
While  you  are  doing  this,  have  a  kettle  with  about  a  quart  of 
water  and  a  tablespoonful  of  good  gUte  heating  on  the  tire. 
When  the  glue  is  melted,  pour  in  the  lampblack  and  stir  the 
mixture  while  boiling  for  about  1  hour.  Try  the  mixture 
by  painting  a  piece  of  sheet  lead  with  soil  and  then  letting 

"  it  dry;  if  it  cracks  when  the  lead   is  bent  back  and  forth, 
there  Is  too  much  glue;  if  it  rubs  off  with  the  hand,  it  needs 

fi»— IS 
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more  glue.  When  the  soil  is  cold,  it  should  have  the  consis- 
tency of  gelatine.  Always  melt  the  soil  with  heat  before 
applying  it  with  the  brush. 

35.  Plumbers'  paste  is  a  mixture  of  water  and  flour 
that  has  been  cooked  until  it  has  the  consistency  of  jelly. 
During  summer  a  little  alum,  blue  vitriol,  or  carbolic  acid 
can  be  added  to  prevent  the  mixture  becoming  sour.  If 
the  paste  is  allowed  to  freeze,  it  will  lose  its  adhesive  qual- 
ities. This  paste  is  used  for  pasting  paper  around  joints. 
Some  plumbers  even  use  it  instead  of  soil  for  painting  the 
pipes. 


IUVBT8 

36.  Blvets  for  plumbers'  use  are  made  chiefly  of  wrought 
iron  and  copper.  Iron  rivets  without  coating  are  called 
black,  and  when  coated  with  tin  are  known  as  tinned  rivets. 

The  button  head,  or  cup,  rivet  a,  Fig.  12.  is  used  for 
joining    relatively   thick    sheets,    particularly   if   they   are 


TIT 


subjected  to  internal  pressure,  or  where  the  riveted  seam 
must  be  water-tight,  as  in  an  ordinary  kitchen  boiler. 

The  most  common  form  of  rivet  used  in  the  trade  is  the 
common  flut-hea4l  rivet,  d.  This  form  is  used  on  all  classes 
of  thin  sheet-iron  wurk.  The  oountprsuiik-heatl  rivet  £  is 
used  only  in  joining  thick  sheets  or  plates,  or  other  work, 
where  the  rivet  head  is  desired  to  be  finished  flush  with  the 
material  riveted. 

The  braziers'  rivet ;/  is  made  of  copper  and  is  used  chiefly 
on  shcul-brass  or  sliect-co])[n;r  work.  The  burr  r  is  gener- 
ally used  with  the  coppor  rivet,  the  burr  bein^  placed  on 
the  end  opposite  the  rivet  head.      The  object  of  using  the 
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burr  is  to  distribute  over  a  large  surface  the  stresses  due  to 
the  riveting,  and  thus  avoid  cracking  the  sheet  and  prevent 
it  from  bulging  between  the  rivets. 

Small  rivets  are  put  up  in  packages  containing  1,000  rivets. 
Their  size  is  designated  by  the  weight  in  ounces  or  pounds 
per  package. 


LEAS  PIPS 

37>  Iiead  pipe  is  composed  of  metallic  lead  that  may  or 
may  not  be  commercially  pure.  The  purer  the  lead,  the 
more  soft  and  more  pliable  it  is.  The  smaller  sizes  of  lead 
pipe,  i.  e.,  the  sizes  used  for  water  supply,  were  always  made  . 
seamless  by  being  pressed  through  the  dies  of  a  lead-pipe 
press.  The  larger  sizes,  such  as  those  used  for  waste  or 
drain  pipes  in  buildings,  were  in  the  pioneer  days  of  plumb- 
ing made  from  sheet  lead.  But  the  large  field  for  seamless 
lead  pipes  for  drainage  work  induced  manufacturers  to  pre- 
pare special  dies,  and  now  they  produce  seamless  lead  pipe 
of  all  required  sizes  and  weights,  as  shown  in  Table  VII.  . 

Lead  pipes  of  any  size  differing  from  the  weights  there 
given  are  made  to  order. 

The  smaller  sizes  of  lead  pipe  are  known  as  lead  tubing ; 
the  sizes  and  weights  per  foot,  the  sizes  being  inside  diameter, 
are  -^  inch,  |  ounces;  \  inch,  1}  ounces;  -^  inch,  2^  ounces; 
iinch,  5,  6,  8,  or  13  ounces. 

38.  Lead  pipe  is  shipped  in  coils,  which  are  protected 
with  straw  rope  if  there  is  much  danger  of  the  pipe  being 
injured  during  shipment;  or,  it  is  coiled  on  a  wooden  spool, 
like  thread.  This  is  a  convenient  method  that  effectually 
protects  the  pipe  during  shipment,  and  also  while  the  coil  is 
being  unrolled. 

39.  The  length  of  a  coil  of  lead  pipe  from  J  to  1  inch  in 
diameter  is  about  GO  feet,  ami  the  length  of  a  bundle  of  lead 
pipe  from  H  to  3  inches  in  diameter  about  36  feet. 
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TABLE  VU 

WBIGIIT   1 


Dismeler. 

A 

klyn. 

BxlTft 

A 
Strong. 

Me 

lum. 

C 

Light. 

D 

Lighl. 

B 

Inches 

lb 

o.. 

lb.    P.. 

lb.      o«. 

lb. 

ox. 

lb.  «.. 

lb.     o.. 

lb.     ox. 

1 

, 

la 

I     a 

I      4 

o 

la 

lO 

7 

A 

O 

'3 

i 
f 

3 

8 

2      12 
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4 

I       8 

II 

9 

1 

4 

12 

3        8 
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4 

I     la 

I       4 

1       o 

I 

6 

0 

4     " 

4      o 

4 

a      8 

2        O 

I       8 

'i 

6 

la 

5      12 

4      12 

12 

3      o 

2         8 

3       O 

<i 

S 

8 

7      8 

6      8 

o 

4       4 
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3      o 

>i 

7      o 

5      o 

4      o 

" 

12 

9      o 

3      o 

** 

6      o 

4    la 

The  larger  sizes  of  lead  pipe,  commonly  called  -waste 
pipes,  are  much  thinner  in  proportion  to  their  diameter, 
thiin  the  smaller  ones.  This  is  due  to  the  fact  that  the  small 
pipes  are  intended  to  convey  water  under  pressure,  while 
waste  pipes  convey  water  at  atmospheric  pressure  only. 
The  weights  and  standard  sizes  of  lead  waste  pipe  are  given 
in  the  following  table: 

TABLE  Vin 

LKAD  WASTE  PIPE 


Pouruls 

2  to  3 

3  to  4 

4  to  6 
4j  to  6 


'         Inside 
'      Diameter. 
1      _   Inches 

Weight  Per 

Lineal  Foot. 

Pounds 

s 

6 

5  to  8 
8  to  lo 
8  to  la 
I a  and  up 
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Owing  to  the  thinness  of  waste  pipes,  compared  with  their 
diameters,  they  cannot  be  coiled  upon  reels  like  the  water 
pipes;  and  as  they  are   easily   injured,  it   is   necessary   to 
box  them  and  ship 
them     as     straight 
tubes.  Their  length 
is     usually      about 
10  feet. 

40.  In  order  to 
properly  protect 
lead  pipe  in  coils 
against  injury  in 
the  shop  or  store, 
and  also  as  a  con- 
venient method  of 
storage,    it    should 

be  kept   in  a  rack,  -.^ 

which  may  be  con-  ^'°- " 

structed  in  any  suitable  manner.     A  very  satisfactory  form 

of  a  rack  is  shown  in  Pig.  13.     Straight,  thin,  lead  pipe  is 

best  kept  in  long  bpxes. 

TIN  PIPE 

41.  TlD  pipe  is  made  in  a  manner  similar  to  lead  pipe, 

but  is  composed  of  commercially  pure  tin.  To  distinguish 
it  from  common  tin  pipe  (iron  or  steel  covered  with  tin), 
such  as  is-used  for  furnace  pipes  or  speaking  tubes,  it  is 
commonly  called  block'tln  pip©.  There  are  many  Inferior 
grades  of  this  pipe,  the  tin  in  them  being  alloyed  with 
cheaper  metals,  sgch  as  lead  and  zinc.  A  high  grade  of  tin 
pipe  should  shine  like  silver,  if  polished,  and  even  the  coil, 
no  matter  how  old,  should  be  white,  but  not  of  a  bluish  tint. 
If  a  piece  of  genuine  tin  pipe  is  bent,  it  produces  a  crackling 
sound;  lead  pipe  or  tin  pipe  heavily  alloyed  does  not  make 
this  noise. 

43.     Block-tin  pipe  is  used  principally  for  conveying  beer, 
ales,  and  spirituous  liquors;   also   rain    water,    condensed 
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water,  or  other  pure  waters,  etc.,  which  oxidize  lead  or 
otherwise  affect  it.  The  standard  sizes  and  weights  of 
block-tin  pipe  are  given  in  Table  IX ;  other  sizes  and  weights 
are  only  made  to  order.  The  comparative  weights  of  block- 
tin  pipe  are  designated  by  A  A  and  AAA,  the  latter  mean- 
ing the  heavier  pipe, 

TABLE  IX 

PURE  BLOCK-TIN  PIPE 


Kind  of 

Diameter. 

Weiglit 
Per  Foot. 

Kind  of 

Diameter. 

Weight 
Per  Foot. 

Hp. 

Incli 

Ounces 

Pipe 

Incites 

Ounces 

AAA 

i 

5 

AA 

f 

9 

AA 

i 

s^ 

AAA 

i 

13 

i 

8 

AA 

i 

II 

AAA 

ft 

'i 

AAA 

17 

AA 

ft 

4 

AA 

I 

'4 

AAA 

i 

7 

AAA 

If 

36 

AA 

i 

4 

AA 

•1 

18 

AAA 

A 

7 

AAA 

I* 

36 

AAA 

! 

10 

AA 

H 

24 

AA 

J 

6 

AAA 

40 

1 

8 

AA 

2 

26 

AAA 

■■ 

COMPOSITION  PIPE 

43.  Composition  pipe  is  made  from  a-  mixture  of  block 
tin,  lead,  zinc,  and  presumably  other  similar  materials  avail- 
able that  can  be  used  without  materially  injuring  the  pipe. 
It  is  often  used  by  mistake  for  block-tin  pipe.  It  can  be 
distinguished  from  block-tin  pipe  by  the  absence  of  the 
sharp,  crackling  sounds  when  it  is  bent;  also  by  its  bluish 
tinge.  In  color  it  usually  appears  about  midway  between 
lead  and  tin.     It  is  shipped  in  coils  like  block-tin  pipe. 
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TIN-MNKD  PII'E 

44.  Tln-llne4l  pipe  is  simply  a  lead  pipe  with  a  block- 
tin  lining:,  as  shown  in  Fig.  14.  The  lining  is  not 
separate  from  the  pipe,  but 
fused  to  it.  Tin-lined  pipe 
has  the  advantages  of 
blocli-tin  pipe,  but  is  much 
cheaper.  This  pipe  can  be 
distinguished  by  two  ribs 
a,  a  that  run  the  full  length. 
It  is  more  easily  soldered 
and  is  more  popular  than 
block-tin  pipe.  The  thick- 
ness of  the  tin  lining  largely 
determines  the  value  of  the 

pipe — the  thicker  the  better.     A  thickness  of  about  ^  inch 
of  tin  lining  is  commonly  used. 

TlD-Uued  iron  pipe  is  plain  iron  pipe  coated  inside  with 
block  tin.  The  best  kind  is  that  in  which  the  lining  is  fused 
to  the  iron.  The  pipe  fittings,  such  as  couplings,  tees, 
elbows,  etc.,  are  also  lined  with  block  tin.  In  making  up 
joints  in  a  line  of  this  pipe,  the  cut  ends  should  be  heavily 
tinned  with  solder  so  that  no  bare  iron  will  be  exposed  to 
the  fluid  in  the  pipe. 


WnOITGHT-IRON  PIPE 

46.  Wrought-iron  pipe  is  made  either  black  or  galva- 
nisfd,  and  all  American  manufacturers  conform  the  dimen- 
sions of  the  pipe  to  a  standard  given  in  Table  X. 

Wrought-iron  pipes  are  made  in  lengths  of  about  15  to 
20  feet.  All  pipe  that  is  IJ  inches  or  less  in  diameter  is 
butt-vrelded ;  that  is,  the  edges  are  joined  as  shown  in 
Fig.  15.  All  sizes  above  1  ^  inches  are  lap-welded,  the  edges 
being  lapped  as  shown  in  Fig.  IC.  All  butt-welded  pipe  is 
tested  at  the  mills  to  a  pressure  of  300  pounds  per  square 
inch.  Lap-welded  pipe  is  similarly  tested  to  500  pounds 
pressure  per  square   inch.     Wrought-iron  pipes   having  a 
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greater  thickness  of  metal  than  those  mentioned  are  made  and 
are  known  asextrasti*oiisand  double  extra  at  ron^.     The 

extra  thickness  of  metal  reduces  the  bore  of  the  pipe;  the 


outside  diameter  of  each  nominal  size  is  never  changed. 
Thus,  all  grades  of  iron  pipe  will  connect  properly  with 
standard  fittings. 

TABLE   X 


STANDARD  DIMENSIONS  OP  WROUGHT-IBON  PIPE 


Nomiim] 
Internal 

Internal 
Inohts 

Enlernal    i           of                 In 
Diameter.  !      Meul,           Dj 
Incbe.      ;      Inches      Squa 

ernal 
re  Inchea 

Weight  it) 

Lineal  Foot 

i 

.470 

-405      1 

068 

0572 

.243 

i 

3&4 

540 

088 

1041 

.432 

I 

494 

675 

091 

1916 

.S61 

i 

623 

840 

109 

3048 

.84s 

* 

8=4 

1 

050 

113 

5333 

1. 126 

048 

I 

315 

134 

8627 

1.670 

1* 

380 

I 

660 

140              I 

4960 

2.258 

•i 

610 

1 

900 

14s                   2 

0380 

2.694 

2 

067 

2 

375 

154              3 

3550 

3-667 

3 

4O8 
067 

3 

87s 

204              4 
217              7 

7830 

5-773 
7-547 

3i 

54S 

4 

000      1 

22t                  9 

8870 

9  055 

4 

026 

4 

500 

237            12 

7300 

10,728 

n 

508 

5 

000 

246            15 

9610 

12-492 

s 

U45 

5 

563 

259              ig 

9900 

14.564 

b 

6 

065 

^ 

615 

2S0             28 

8890 

18.767 
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46.  Owing  to  improved  processes  of  making  steel,  nearly 
all  the  pipe  sold  as  iron  pipe  is  now  made  of  mild  steel.  Its 
composition  is  such  that  analysis  by  experts  can  scarcely 
define  a  difference.  The  mechanic,  however,  can  easily  dis- 
tinguish a  difference  when  cutting  the  pipe.  It  wears  the 
pipe  tools  more  than  wrought-iron  pipe  and  rusts  out  more 
quickly.  Wrought-iron  pipe  rusts  more  uniformly  thau 
steel  pipe.  The  latter  pils  seriously;  that  is,  corrodes  in 
spots.  Wrought  iron  is  the  better  material,  but  steel  has 
the  market  because  it  is  the  cheaper  metal.  The  smaller 
sizes  of  wrought-iron  and  steel  pipes  are  threaded  on  both 
ends,  and  tied  up  in  bundles  and  shipped  without  covering, 
but  a  coupling  is  screwed  on  each  pipe.  Large  pipes  are 
shipped  singly,  the  threaded  ends  being  protected.  If  the 
plumber  has  no  power-threading  machines  in  his  shop,  it  is 
customary  to  order  large  pipes  cut  and  threaded  to  given 
measurements.  The  pipes  should  be  stored  in  pipe  racks 
near  the  pipe-fitter's  bench. 

47.  I/ead-Uned  Iron  pipe  is  simply  ordinary  iron  or 
steel  pipe  lined  with  lead.  The  lining  should  not  be  less 
than  \  inch  thick  for  ordinary  pipes,  and  the  lead  should  be 
fused  to  the  iron.  If  it  is  loose  from  the  iron  there  is  a  lia- 
bility, particularly  if  hot  water  flows  through  the  pipe,  of 
the  lead  collapsing  and  restricting  or  entirely  choking  the 
bore.  The  cut  ends  of  the  pipe  should  be  protected  in  a 
manner  similar  to  that  specified  for  tin-lined  iron  pipe,  and 
the  fittings  should  also  be  lead-lined. 


brajss  and  copper  pipes 
48,  Brass  and  copper  pipes,  or  tubing,  as  they  are 
often  called,  are  made  in  all  diameters  and  thicknesses.  The 
size  by  which  they  are  designated  is  always  the  outside 
diameter;  the  thickness  of  the  metal  must  always  be  speci- 
fied, in  order  to  secure  tubing  that  is  suitable  for  the  pur- 
pose in  view. 
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Brass  and  copper  tubes  are  made  by  two  methods,  and 
are  accordingly  designated  as  seamUsS'drawn  and  brazed 
tubing. 

Seamless-drawn  tubing  is  made  from  a  solid  block  6f 
metal  and  hence  is  without  a  joint;  it  is  much  superior  in 
strength  to  brazed  tubing.  Brazed  tiiblngr  is  simitar  in 
structure  to  butt-welded  wrought-iron  pipe,  except  that  the 
joint  is  secured  by  brazing. 

Iron-pipe  size  brass  and  copper  tubing  is  made  in  sizes  that 
correspond  in  external  diameter  with  the  sizes  of  wronght- 
iron  pipe,  in  order  that  it  may  be  threaded  with  the  ordinary 
iron-pipe  dies,  which  every  plumber  has  in  his  shop,  and  so 
that  it  can  be  screwed  into  the  same  kind  and  sizes  of  fittings 
that  are  used  for  wrought-iron  pipe.  It  is  seamless-drawn. 
Tubing  of  this  kind  should  always  be  specified  as  iron-pipe 
sise.  It  is  the  kind  commonly  used  by  plumbers.-  The 
market  sizes  and  weights  are  given  in  Table  XI. 

49,  Brass  and  copper  pipes  tinned  inside  should  always 
be  used  when  they  are  required  to  convey  water  for  drink- 
ing or  cooking  purposes,  otherwise  the  water  may  become 
poisoned  to  a  serious  extent.  Brass  pipes  should  always  be 
annealed  or  semiannealed,  otherwise  they  will  split  and 
leak.  Nearly  all  brass  tubes  used  in  exposed  plumbing 
work  are  nickel-plated,  which  gives  them  a  fine  finish. 
Nickel-plated  or  polished  and  lacquered  pipes  are  always 
carefully  wrapped  and  shipped  in  boxes.  Plain  pipes  may 
be  shipped  like  iron  pipe.  Brass  pipe,  iron-pipe  size,  semi- 
annealed  and  tinned  inside  and  outside,  is  used  extensively 
on  the  very  finest  class  of  work. 


I   PIl'ES 

50.  Wooden  pipes  are  usually  made  from  solid  square 
timber.  The  bore  is  made  by  an  auger,  which  is  forced 
through  the  center  of  the  piece.  Another  kind  is  made  by 
winding  spirally  a  flexible  wooden   strip  or  riblxin   upon  a 
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TABLiE  XI 


Size 

Outside 

Diameter. 

Inches 

Thickness. 
Stubs-s 
Gauge 

Weight  Per  Lineal  Foot 

(Nominal). 
Inches 

Brass. 
Pounds 

Copper. 

H 

'5 

■27 

.29 

il 

15 

37 

39 

n 

13 

60 

64 

H 

iz 

76 

80 

, 

'A 

Ii 

63 

1 

a8 
74 

ij 

i8 

9 

S* 

2 

65 

'} 

li 

9 

94 

3 

12 

* 

H 

8 

28 

4 

S3 

^1 

'i 

7 

S« 

.s 

92 

3 

3i 

5 

8 

35 

ti 

84 

4 

4i 

3 

13 

"4 

12 

96 

mandrel  in  such  a  manner  that  the "  layers  overlap  one 
another,  and  then  securing  them  together  with  cement.  It 
is  made  in  all  diameters  and  lengths  up  to  30  feet.  Still 
another  kind  is  that  made  of  staves,  which  are  hooped 
together.  Wooden  pipes  are  commonly  used  for  con- 
veying salt  water  and  other  liquids  that  are  detrimental 
to  iron. 


CAST-inON  PIPES 

51.  Cast-iron  pipes  used  by  plumbers  are  of  two  gen- 
eral kinds,  viz.,  those  used  for  house-drainage  purposes, 
which  are  known  to  the  trade  as  cust-Iron  soil  pii>es, 
and   those   used   for   carrying   gas   or   water,  and   known, 
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respectively,  as  east-Iron  g»s  pipes  and  cast-iron  water 
pipes. 

Suil  pipes  are  made  in  two  grades  known  as  standard 
and  extra  heavy,  the  former  being  the  lighter  of  the  two. 
In  practice  it  has  been  found  that  the  standard  pipe  soon 
corrodes,  and  the  sockets  are  so  weak  that  they  easily  spilt 
when  the  joints  are  being  calked.  It  has  also  been  observed 
that  many  flaws  exist  in  standard  pipe  which  prevent  its 
being  gas-tight.  Health  departments,  therefore,  do  not 
allow  its  use;  and  hence  extra-heavy  pipe  is  specified  in 
the  codes  that  govern  plumbers. 

52.  Cast-iron  plain  soil  pipes  are  made  as  shown  in 
Fig.  17;  they  are  5  feet  long,  exclusive  of  the  socket,  and 


may  be  from  2  to  12  inches  inside  diameter.     They  are  sold 
by  the  lineal  foot. 

53.    A  double-hub  pipe  is  shown  in  Fig.  18.     It  differs 
from  the  plain  soil  pipe  in  that  it  has  a  socket  at  each  end. 


EE 


5 


In  making  connections  with  cast-iron  pipe,  it  is  often  neces- 
sary to  cut  a  pipe  to  the  required  length.  If  plain  pipe  is 
used,  the  cut-off  en<l  without  the  socket  can  rarely  be  used 
for  anything,  and  hence  is  wasted;  but  if  double-hub  pipe  is 
cut,  both  pieces  can  generally  be  used;  hence  it  is  the  most 
economical  pipe  for  cutting  up.     Double-hub  pipes  are  sold 
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by  the  piece:  that  is,  it  is  necessary  to  order  the  desired 
number  of  lengths. 

fi4.  The  best  pipes,  generally  speaking,  are  those  that 
are  cast  vertically,  because  their  thickness  is  more  uniform 
all  around  and  the  iron  is  easier  to  cut.  Pipes  cast 
horizontally  have  a  rib  on  opposite  sides  running  full 
length.  This  shows  where  the  two  halves  of  the  mold 
come  together. 

55.  Cast-iron  pipes  may  be  had  either  plain,  i.  e.,  as 
they  come  from  the  mold,  or  coated  with  some  particular 
material,  such  as  asphaltum.  In  ordering  this  kind  of 
pipe,  it  should  be  stated  whether  plain  or  coated  is 
wanted. 


EARTHENWARE  PIPES 

56.  Earthen'ware,  or  terra-cotta,  pipes,  as  they  are 
often  called,  are  made  of  various  kinds  and  qualities  of  clay. 
They  are  made  in  3-foot  and  3-foot  lengths,  and  are  provided 
with  a  socket  on  one  end,  while  the  other  end  is  plain.  These 
pipes  are  baked  hard  and  are  made  impervious  to  water  by 
a  coating  of  salt  glaze.  They  are  also  known  as  vUrlfled, 
or  tile,  pipes. 

57.  Vitrified  earthenware  pipes  are  commonly  used  for 
underground  drainage,  but  never  for  inside  drainage.  The 
sizes  usually  kept  in  stock  by  dealers  are  3,  4,  5,  6,  7,  and 
8  inches  inside  diameter.  Perfect  pipes  are  straight,  cylin- 
drical in  form,  smooth  inside,  and  have  no  kiln  cracks 
back  of  the  hub,  or  elsewhere.  The  inside  of  the  sock- 
ets and  the  outer  surface  of  the  other  end  should  not 
be  glazed,  for  these  surfaces  must  be  cemented  together 
in  making  the  joints,  and  cement  does  not  adhere  prop- 
erly to  a  glazed  surface.  The  pipes  in  common  use,  how- 
ever, are  glazed  all  over  because  it  is  cheaper  to  make 
them  thus,  and  because  there  is  little  demand  for  the  kind 
above  described. 
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PIPE   PITTINGS 

GAS-  AND  WATER-PIPE   FITTINGS 

58.  Figs,  lit  and  20  show  an  assortment  of  malleable- 
iron  pipe  flttlufis.  These  can  be  had  beaded  or  plain, 
and  some  of  either  kind  are  shown.  The  beaded  fittings 
are  the  strongest  and  best,  for  the  head,  which  will  be 
noticed  around  the  outside  edges  of  the  threaded  openings, 
is  a  reenforcement  that  prevents  the  fitting  from  being  split 
when  the  tapered  thread  is  screwed  into  it.     Their  use  is 


recommended.  The  plain  fittings  have  about  the  same 
thickness  in  every  part.  The  names  of  the  different  fittings, 
all  those  here  shown  being  for  |-inch  pipe,  are  given  below. 

59.  Fig.  19  {«)  shows  a  J-inch  platii  T,  or  tee  ;  that  is  to 
say,  it  has  a  J-inch  straight  run  and  a  J-inch  branch.  The 
run  of  a  tec  is  the  line  through  tlit  largest  opi>osite  open- 
ings.    The  other  openings  are  called  the  bruuclies.     In  the 
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case  of  crosses,  the  run  is  always  considered  to  be  the  line 
through  the  largest  opposite  openings.  In  ordering  tees 
and  crosses,  always  give  the  sizes  of  the  run  first,  then  the 
branches;  this  will  prevent  confusion  in  filling  the  orders. 

Fig.  19  {b)  represents  a  J"  X  J'  bea<ied  tee;  that  is,  it 
has  a  }-inch  run  and  a  J-inch  branch.  An  illustration  of  a 
\"  X  i"  X  i"  reducing  plain  tee  is  shown  in  Pig.  19  {c). 
This  is  used  to  connect  two  J-inch  pipes  and  a  |-inch  pipe, 
the  run  being  reduced  from  J  to  ^  inch. 

A  I"  X  i"  X  f"  reducing  plain  tee  is  shown  in  Fig.  19  (i/). 
Fig.  la  (e)  shows  a  J"  X  |"  X  |"  bull  tee.  Fig.  19  (/) 
illustrates  a  ^"  X  f  plain  bull  tee.  In  Fig.  19  {^}  is 
shown  a  J"  X  i"  drop  tee  which  has  two  lugs,  one  on  each 
side  of  the  run,  by  which  the  fitting  is  screwed  to  the  wall. 
It  takes  the  name  of  drop  from  the  drop  fittings  so  com- 
monly used  in  gas-pipe  work. 

A  J"  X  J"  plain  cross-over  tee,  used  where  a  branch  has 
to  cross  over  the  top  of  another  pipe,  is  shown  in  Fig.  19  (A). 
Fig.  19  {t)  shows  a  J"  X  1"  plain  bull  tee,  used  to  screw  on 
the  end  of  a  1-inch  pipe,  which  supplies  two  |-inch  branches 
at  right  angles.  Fig.  19  (/)  represents  a  jf"  X  i"  plain 
crews  for  a  J-inch  run  and  two  J-inch  branches.  If  it  had  a 
1-inch  and  a  |-inch  branch,  it  would  be  known  as  a  |"  x  J" 
X  i"  X  i"  reducing  plain  cross. 

In  Fig.  19  (i),  a  plain  extension  piece  is  illustrated. 
The  upper  end  is  tapped  J  inch,  and  the  other  end  is 
threaded  J  inch.  It  is  used  to  extend  a  piece  of  pipe  just 
about  the  length  of  the  thread. 

An  illustration  of  a  J-inch  plain  cap,  used  to  close  the 
end  of  a  pipe  by  screwing  over  it,  is  given  in  Fig.  19  {/).  A 
|-inch  plain  (Ir<)p  L,  commonly  used  over  a  sink  at  the  back 
of  the  faucets,  the  lugs  being  screwed  to  the  wall  to  secure 
the   faucets,  or   for   other   work,  is  shown  in  Fig.  19  («;). 

Fig.  19  («)  shows  a  boiler  coupling: ;  the  male  end  screws 
into  the  boiler,  and  the  female  end  attaches  to  the  piping. 
A  washer  is  used  between  the  faces  of  the  union,  to  make  a 
tight  joint  when  the  hexagon  e<)uplinn  rinj;  shown  is  screwed 
up.     Fig.  19  (c)  represents  a  J-inch  beaded  qiiarter  L,  called 
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a  quarter  because  it  is  a  right  angle,  or  the  fourth  part  of  a 
circle.  In  Fig.  19  {/)  a  beaded  street  L,  of  which  one,  end 
is  threaded  male  and  the  other  female,  is  illustrated. 

60.  A  I"  X  1"  plain  reducing:  L  is  shown  in  Fig.  20  (a). 
An  illustration  of  a  f-inch  elgbth  beaded  L,  called  eighth 
because  it  bends  45°,  or  one-eighth  of  a  circle,  is  given 
in  Fig.  20  {b).  Fig.  20  (c)  shows  an  oll^t  formed  by  screw- 
ing two  J-inch  beaded  eighth  L's  together  with  a  close  nipple 


between.  A  close  nipple  is  a  piece  of  pipe  with  two  threads 
run  so  closely  together  as  to  touch  each  other.  This  allows 
the  fittings  to  come  together,  shoulder  to  shoulder,  as 
shown.  A  |-inch  beagled  stratfcbt  cross-over  for  use  on  a 
straight  line  of  pipe  where  it  crosses  over  another  pipe  is 
shown  in  Fig.  20  (rf). 

In  Fig.  20  (f),  {_/"),  and  i^g")  are  shown  parts  of  a  J-inch 
plain  union,  which  is  sliown  assembled  in  (A).  Fig.  20  {e) 
shows  the  threaded  half  of  the  union,  while  {g')  shows  the 
half  havinjr  a  shoulder.  The  hexagonal  coupling  ring 
shown  in  (_/")  is  sliiiped  over  the  part  shown  in  {g),  and 
screws   on  the  thread  of   the  part  shown  in  (^)   when  the 
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two  halves  are  put  together.  A  rubber  washer,  shown 
beneath  the  coupling  ring,  which  fits  over  the  shoulder, 
is  placed  between  the  two  halves'  and  is  compressed  by 
screwing  up  the  coupling  ring,  thus  making  a  tight  joint. 

Pig.  30  (t)  shows  a  ^"  x  i"  plain  rednclnjr  socket,  used 
to  reduce  }-inch  pipes  to  ^  inch  on  a  straight  run.  A  J-inch 
hexa^^nal  lockout  is  shown  in  Fig.  20  (j);  it  is  used  for 
screwing  over  a  long  thread  and  making  tight  connections 
to  a  tank,  one  locknut  being  outside  the  tank,  and  one  lock- 
nut  inside,  with  gaskets  between  them  and  the  sides  of  the 
tank;  and  for  other  work. 

An  illustration  of  a  |"  X  }"  bushing,  which  has  a  hexag- 
onal shoulder,  is  given  in  Fig.  30  {*).  The  male  thread 
is  }  inch  and  the  female  thread  ^  inch,  used  to  reduce  a 
tapped  opening  so  as  to  adapt  it  to  fit  a  smaller  pipe. 

Fig.  20  {/)  illustrates  a  J-incfa  plufiT  that  has  a  square 
head ;  it  is  used  for  closing  a  tapped  opening.  In  Fig.  20  (»/) 
is  shown  a  j-inch  stoTilder  nipple,  which  is  a  piece  of 
straight  pipe  having  a  tapered  thread  on  each  end,  with  a 
short  space  between  the  threads;  it  is  used  for  joining  two 
fittings  together  at  close  quarters.  A  common  J-inch 
nipple,  which  is  only  a  little  longer  than  the  shoulder 
nipple,  is  shown  in  Fig.  20  {ft). 

Fig.  20  (o)  shows  a  j-inch  plain  coupling,  which  is  tapped 
in  both  openings,  and  is  used  for  joining  two  j-inch  pipes 
that  are  on  a  straight  line. 

61.  Cast-Iron  flttln^fs  threaded  for  wrought-iron  and 
steel  pipes  are  generally  used  for  steam-heating  and  hot- 
water  heating  systems.  They  are  provided  with  especially 
heavy  beads  or  bands,  because  cast  iron  is  a  much  weaker 
metal  than  malleable  iron  when  subject  to  tension,  as  is  the 
case  with  the  beads  of  fittings. 

62.  Unions  are  made  in  many  forms.  Their  duty  is  to 
join  together  the  ends  of  two  pipes  where  it  is  not  pos- 
sible to  turn  either  one,  or  in  places  where  it  may  at  some 
future  time  be  desired  to  disconnect  the  pipes  without  cut- 
ting them. 

03—17 
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63.  There  are  two  kinds  of  unions,  the  flanged  and  the 
screwed.  The  flanged  union,  shown  in  Fig.  21,  is  used  prin- 
cipally on  wrought- 
iron  pipes  having  a 
diameter  of  2  inches  or 
more.  The  pipe  ends  a, 
a  are  screwed  into  the 
flanges  b  and  t.  The 
leather  washer  c  is 
placed  in  position  be- 
tween the  flanges,  and 
then  compressed  by 
the  nuts  d,  d  being 
screwed  up.  This 
draws  the  flanges  to- 
gether and  makes  a 
water-tight  joint.  Care 
must  be  taken  to  have 
the  nuts  screwed  up 
equal  all  around,  so  that  the  pressure  upon  the  washer  will 
be  uniform, 

04,    The  screwed  unions  are  of  two  kinds,  the  ground, 
shown   in    Fig.    22,   and    the   packed,    which   is  shown   in 


Fig.  20  ((■).  (/),  {g),  and  (//).  In  the  ^i^und  unions, 
the  cone  a  and  the  soi:kct  b  arc  ground  to  a  perfect  fit,  and 
are  drawn  together  by  the  nut  c.     The  collar  d  must  be 
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turned  true  with  the  axis  of  t'he  cone,  and  the  axis  of  the 
screw  thread  must  also  coincide  perfectly  with  that  of  the 
cone,  otherwise  it  will  be  difRcult  to  draw  the  joint  together 
with  sufficient  accuracy  to  make  a  tight  joint.  The  joint  is 
made  by  the  fit  of  the  parts  rather  than  by  the  pressure  put 
upon  them.  Therefore,  if  the  joint  is  not  tight,  do  not 
attempt  to  make  it  so  by  straining  the  nut  c,  but  rectify  the 
fit  of  the  parts. 


80IL-PIPB  FrmNGS 

65.  eoll-plpe  fittings  are  made  of  cast  iron,  and  are 
either  provided  with  spigot  and  socket  ends  for  connecting 
to  cast-iron  pipe  by  means  of  calked  joints,  or  they  are  pro- 
vided with  threaded  ends  for  connecting  the  wrought-iron 
or  steel  drainage  pipes  by  means  of  screwed  joints.  Com- 
mon fittings  that  are  kept  in  stock  by  plumbers'  supply 
houses  are  shown  in  Figs.  23  to  26.  The  names  printed 
under  the  fittings  are  their  trade  names.  The  abbrevi- 
ation D.  H.  means  double  hub;  R.  H.  means  right  hand; 
1.  P.  means  iron  pipe. 

66.  In  Fig.  23,  the  quarter  bend  shown,  which  is  more 
commonly  called  an  elbow,  makes  a  bend  of  90°  and  is  the 
fitting  most  commonly  used.  The  elbow  with  side  inlet 
receives  a  branch  in  the  curved  portion,  but  makes  a  con- 
nection inferior  to  that  made  by  a  Y  branch.  The  quarter- 
bend  heel  outlet  should  only  be  used  when  the  branch  can  be 
placed  vertically  on  top.  The  long  bend  is  rarely  used. 
The  one-fifth,  one-sixth,  one-eighth,  and  one-sixteenth  bends 
are  occasionally  called  obtuse  bends.  Bends  are  designated 
by  a  common  fraction  in  which  the  numerator  always  is  1, 
and  the  denominator  shows  the  number  of  bends  that,  when 
placed  together,  form  a  complete  circle.  Thus,  4  one-quarter 
bends,  or  6  one-sixth  bends,  joined  together  complete  the 
circle.  The  one-eighth  bend  is  the  most  commonly  used 
obtuse  bend.  The  tee  and  long  tee  are  useful  for  vent 
branches,  but  should  not  be  used  fur  pipes  conveying  liquid 
waste  matter.     The  sanitary  T  Y  is  a  fitting  which  is  half  T 
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and  half  Y;  it  often  proves  very  useful  in  drainage  work. 
It  requires  less  space  than  a  Y  fitting,  but  the  latter  is  supe- 
rior from  the  sanitary  standpoint.  The  sanitary  T  Y  with 
side  inlet  has  a  3-  or  3-inch  socket,  to  which  a  bath  or  basJn 
_  waste  pipe  may  be  connected,  while  the  larger  branch  takes 


the  water-closet  waste  pipe.  The  one-half  Y  branch  is 
rarely  used.  In  the  Y  branch,  the  branch  makes  an  angle 
of  45°  with  the  run.  It  is  one  of  the  best  branch  connec- 
tions. The  Y  side  inlet  is  used  for  the  same  purpose  as  the 
sanitary  T  Y,  but  is  superior  to  it  from  the  sanitary  stand- 
point, 

G7.  In  Fig.  2-t,  the  long  Y  branch  shown  is  used  for  the 
same  purpose  as  the  Y  branch  illustrated  in  Fig.  23.  The 
cross  is  one  of  the  most  undesirable  fittings  and  should  never 
W  used.  TJK'  d.  luble  sanitary  T  Y,  the  double  one-half  Y,  and 
tlie  doulilc  Y  liavc  two  branches  Incated  opposite  each  other, 
as  in  the  cross,  but  are  far  superior  fittings,  the  double  Y 
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being  the  best.  The  inverted  Y  is  used  in  vent  pipes  (where 
the  direction  of  the  current  is  upwards)  for  receiving  a  vent 
branch.  The  ventilating  branch  serves  the  same  purpose  as 
the  inverted  Y,  but  its  lower  end  is  more  easily  made  tight 
by  calking.  The  return  bend  is  used  on  top  of  fresh-air 
inlet  pipes,  or  ventilating  pipes,  to  prevent  the  admission  of 
foreign  matter  to  the  drainage  system.  The  offset  is  often 
needed  to  offset  a  soil  pipe  at  the  top  of  the  cellar  wall  of 
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frame  buildings.  The  offset  with  inlet  is  used  for  the  same 
purpose  as  the  offset;  it  has  a  2-inch  socket  to  receive  the 
waste  branch  from  a  sink,  etc.  The  double  hub  is  used  for 
joining  two  pieces  of  pipe  having  no  socket;  it  is  never 
employed  in  good  work.  The  reducer  is  often  used  in 
underground  drainage  work  for  reducing  to  a  smaller  size 
pipe.  The  increaser  is  used  for  increasing,  and  is  often 
employed  on  soil   pipes  where  they   pass  through  the   roof. 
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The  tee  clean-out,  or  handhole  T,  permits  the  line  of  pipe  to 
which  it  is  attached  to  be  cleaned  out.  It  should  never  be 
used  inside  of  a  building,  since  the  joint  between  the  cap 
and  fitting  is  liable  to  leak  sewer  gas,  as  it  ts  intended  to  be 
made, with  putty. 

68.     The  sleeve  shown  in  Fig.  35  is  used  to  join  the  ends 
of  two  pieces  of  pipe  that  come  together  without  a  socket, 

ago  9^^  Q 


as  happens  when  a  drain  pipe  is  cut  that  a  branch  may  be 
placed  in  it.  The  thimble  and  cover  is  calked  into  a  socket 
of  a  drain  pipe  to  give  admittance  to  the  latter  for  cleaning 
out,  but  should  never  be  used  inside  of  a  building.  The 
thimble,  or  bushing,  is  placed  into  a  socket  to  reduce  its 
size.  Ventilator  caps  are  placed  on  the  ends  of  fresh-air 
inlets  and  ventilating  slacks  to  keep  out  foreign  matter. 
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The  T  saddle  is  placed  over  a  hole  cut  into  a  drain  pipe  to 
receive  a  branch.  As  the  joint  is  made  with  putty,  it 
should  never  be  used  inside  a  building.  The  plug  is  used  for 
closing  the  end  of  a  pipe.  The  band  is  used  for  repairing  a 
broken  pipe  or  closing  up  a  hole  in  it.  The  band  with 
saddle,  the  Y  saddle,  and  the  one-half  Y  saddle  are  used  for 
making  branch  connections,  but  should  never  be  used  inside 
of  buildings,  as  the  joint  between  them  and  the  pipe  to 
which  they  are  attached  does  not  remain  gas-tight.  The' 
S  trap,  the  S  trap  with  heel  inlet,  the  three-quarter  S  trap, 
and  the  one-half  S  trap  with  side  inlet  here  shown  have  a 
cleaning  cap.  As  the  joint  between  the  cap  and  trap,  which 
is  made  with  putty,  does  not  remain  gas-tight,  these  traps 
should  not  be  used  inside  buildings.  The  S  trap  with  top 
inlet  and  the  one-half  S  trap  without  the  handhole  here 
shown  have  no  putty  joints  about  them,  and  are  hence  suit- 
able for  use  inside  buildings. 


■O^  "^  [^ 


69.     The  running  trap  shown  in  Fig.  2C  has  a  clean-out 
inlet  and  is  suitable  only  for  outdoor  work.     The  running 
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traps  with  hub  vent  and  double-hub  vent  are  suitable  for 
inside  work,  the  trap  with  double-hub  vent  being  the  most 
sanitary.  The  pipe  rest  is  used  to  support  pipes  in  a  brick 
wall.  The  roof  iron  serves  to  make  a  neat  joint  where  the 
soil  pipe  passes  through  the  roof.  The  pipe  hook  is  used  to 
support  soil  pipes  running  along  walls.  The  upright  Y,  long 
sweep  T  Y,  T  Y  with  vent,  and  T  tapped  for  iron  pipe  in  the 
branch  are  fittings  especially  made  to  conform  to  the  speci- 
fications of  modern  plumbing  codes. 

70.  Malleable-iron  drainage  fittings,  in  a  general 
way,  are  simitar  in  form  to  those  made  of  cast  iron,  but  the 
ends,  instead  of  having  a  spigot  and  socket,  are  provided 
with  threaded  sockets  into  which  the  iron  pipe  is  screwed. 
The  ordinary  pipe  fittings  used  in  steam  fitting  have  a  larger 
internal  diameter  than  the  pipes  that  are  attached  to  them, 


as  is  shown  in  Pig.  27 ;  on  account  of  the  pocket  thus  formed, 
they  are  suitable  only  for  vent-pipe  work,  but  not  for  drainage 
work.  The  bands  ti,  <t  around  the  sockets  strengthen  the 
fitting  against  the  bursting  strain  that  arises  from  the  screw- 
ing of  the  pipes  b,  b  into  the  sockets. 

71.  Drainage  fittings  must  be  free  from  pockets  when 
connected  up ;  for  this  reason  their  internal  diameter  is  made 
the  same  as  that  of  the  pipes  to  which  they  are  attached, 
and  in  order  that  there  may  be  very  little  space  between 
the  end  of  the  pipe  and  the  shoulder  at  the  inner  end  of 
the  socket,  it  is  necessary  t<)  so  regulate  the  dies  that  each 
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thread  will  be  cut  just  so  long  that  when  the  pipe  is  screwed 
up  tight,  the  end  will  almost,  but  not  quite,  butt  against 
the  shoulder  of  the  fitting,  as  shown 
in  Fig.  28.  Thesj  fittings  can  be  had 
in  all  sizes,  and  are  made  either  of  cast 
iron  or  malleable  iron. 

73.  Fig.  29  illustrates  how 
nections  are  made  with  malleable 
fittings  and  wroiight-irnn  pipe.  It  will 
be  observed  that  the  interior  surface 
of  the  fittings  k  flush  with  that  of  the 
pipe;  from  this  fact  the  name  flush 
flttingrs  is  derived.  "" 

73.    Earthenware  pipe  flt- 

tlngs  are  made  chiefly  in  the 
forms  of  bends,  branches,  and 
traps,  and  are  very  similar  in 
appearance  to  the  cast-iron 
drainage  fittings.  In  order  to 
obtain  a  good  earthenware  pipe 
drain,  it  is  necessary  to  care- 
fully select  the  fittings,  for 
many  of  them  are  defective. 


= 


9PECIAI,   FITTINGS 


74.     Straddle     FIttlnfprs. 

L       V^^  Fig.    .30    shows    straddle    nt- 

\^     ^"1  tlngrs    a,  II    screwed    in    place. 

^^^^J  They   are    commonly   used    in 

places  where   two  water   pipes 

Fig.  SB  ,  .  ,  ^  ^ 

that  are  quite  close  together 
have  branches  that  must  cross  the  main  lines.  They  are 
simply  elongated  tees,  so  constructed  th;it  the  branch  arm 
of  each  one  will  snugly  and  neatly  sfrat/if/f,  or  cross  over  the 
adjoining  pipe,  asshown.      Oneof  these  fittings accomplish3s 
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the    same   object    as   five    of    the   ordinary   fittings,   thus 
saving  considerable   labor   and   material. 


75.     Ijauudrj-Tub  Supply  Connection. — To  avoid  the 

hot  and  cold  supply  pipes  at  the  back  of  a  set  of  laundry  tubs 
forming  traps  between  the  faucets,  and  thus  becoming  liable 
to  freeze  and  burst  when  the  water  is  shut  off  and  the  pipes 
supposed  to  be  drained  empty,  the  special  fitting  shown  in 
Fig.  31  has  become  quite  popular.     The  faucets  inside  the 


txibs  of  course  must  be  in  line,  which  prevents  the  two  pipes 
from  being  run  level  wiih  ami  ininudiately  back  of  the  faucets. 
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With  this  special  fitting,  however,  the  pipes  are  located 
above  the  line  of  the  faucets  and  are  run  straight,  so  that 
they  may  be  drained  empty  when  the 
water  is  shut  off.  This  fitting  is  par- 
ticularly valuable  in  country  homes 
that  are  not  occupied  during  the 
winter,  for  it  prevents  frost  bursts  at 
the  back  of  the  wash  tubs. 

76.    Back-Vent  Fltttngr. — A  spe- 
cial fitting  for  back-venting  plumbing 

fixtures   is   shown   in 

Fig.  32.     It  is  really  a 

part  of   the  vent  stack 

and  a  back-vent  branch 

combined   in  one   cast- 
ing.    The  vent  branch 

is  dropped  down  and  a 

socket  is  cast'  on  its 
I  lower  end,  for  connect- 
I  ing    to    the    back-vent 

pipe  of  the  fixture.    The 

object  of  this  fitting  is 

to  avoid  a  multiplicity 

of  calked  joints,  and  at 

the  same  time  prevent 

waste  water  from  back- 
"^■'*  ing  up  and  flowing  Into 

the  vent  stack,  if  the  waste  pipe  should 
become  choked.  These  fittings  are 
especially  adapted  for  use  on  vent 
stacks  in  recesses  and  other  places 
where  there  is  but  little  space;  they 
form  a  neat,  compact,  and  durable 
method  of  connection.  Fig.  33  shows 
the  back-vent  pipes  for  the  traps  of  '"■ 

several  fixtures  connected  to  a  vent  stack  by  means  of  special 
vent  fittings.  These  fittings  are  made  in  different  shapes 
and  sizes,  and  with  single-  or  double-drop  branches. 
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COCKS,    TALATiS,    AND    SUNDRIES 


COCKS 

77.    PluR  Cocks. — ^In   Fig.  34,   the  construction  of   an 
ordinary  plug"  cock,  also  called   a  ground-key  cock,  is 


shown.  The  ping  a.  Fig.  34  («),  Is  turned  truly  circular,  and 
is  also  tapered  to  fit  the  conical  socket  b,  which  is  bored  or 
reamed  in  the  body  of  the  cock.  Formerly  the  plug  and 
socket  were  fitted  to  each  other  by  grinding  with  emery, 
and  they  thus  became  known  as  ground-key  cocks.  The 
plug  is  held  in  place  by  means  of  a  screw  c  and  the  washer  d. 
The  washer  fits  over  a  squared  shoulder  on  the  small  end  of 
the  plug,  so  that  they  turn  together,  as  otherwise  the  screw 
would  loosen  itself  every  time  the  plug  was  turned.  The 
waterway  through  the  plug  consists  of  a  rectangular  slot  cj 
the  corresponding  openings  in  the  .liide  of  the  socket  should 
also  be  rectangular  and  of  the  same  width.  The  tightness 
of  the  cock  will  depend  on  the  perfection  of  the  fit  of  the 
plug  and  socket  at  the  points  f,  f.  Fig.  !J4  (f>).  If  these 
surfaces  are  narrow,  the  cock  will  soon  wear  and  become 
leaky. 

The  plug  being  of  larger  diaincter  at  the  top  edge  of  the 
slot  than  at  its  lower  edge,  it  follows  that  there  is  a  differ- 
ence  of  area  between  the  top  and  bottom  of  the  slot;  con- 
sequently, the  pn-ssure  of  the  water  within  the  pipes  tends 
to  drive  the  plug  out  of  the  socket.    Thus,  if  the  area  of  the 
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bottom  surface  of  the  slot  were  1  square  inch  and  that  of 
the  top  surface  of  the  same  were  IJ  inches,  the  difference  in 
area  would  be  ^  square  inch.  Suppose  the  water  pressure  is 
100  pounds  per  square  inch;  there  is  then  a  pressure  of 
100  pounds  upon  the  bottom  of  the  slot  tending  to  hold  the 
plug  in  place,  and  a  pressure  of  112}  pounds  upon  the  upper 
end  of  the  slot,  tending  to  drive  the  plug  out  of  the 
socket.  Thus,  there  would  be  an  unbalanced  pressure  of 
l'i\  pounds  tending  to  lift  the  plug,  and  which  must  be 
resisted  by  the  screw  c.  This  is  a  matter  of  small  account 
in  common  sizes,  but  in  targe  cocks  it  becomes  a  matter  of 
importance. 

Some  manufacturers  core  out  the  body  of  the  plug,  as 
shown  at  g-  and  A,  to  economize  metal.  Cocks  having  these 
cavities  should  not  be  used,  if  possible,  because  they  greatly 
obstruct  the  flow  of  water.  The  best  kind  of  plug  cock  is 
that  in  which  the  waterway  through  the  plug  is  round. 
This  prevents  unnecessary  resistance  to  the  flow  of  the 
water. 

Plug  cocks  are  either  constructed  with  a  handle,  as  shown 
in  Fig,  34,  or  the  top  of  the  plug  is  shaped  to  receive  a 
wrench. 

78.  Stop-and-wa8t«  cocks  are  a  kind  of  plug  cocks 
having  a  small  hole  /,  Fiy;.  34  (c),  drilled  through  the 
side  of  the  plug  and  another  through  the  side  of  the 
socket  at  j. 

The  plug  of  the  ordinary  ground  cock  can  be  given  a 
complete  turn,  but  the  plug  of  the  waste  cock  can  only  be 
given  a  quarter-turn,  the  rotation  being  limited  by  a  pin 
attached  to  and  projecting  from  the  plug,  and  moving  in  a 
groove  cut  in  the  top  of  the  socket. 

The  groove  only  occupies  the  space  of  one-fourth  of  the 
■  circumference,  and  as  the  plug  cannot  travel  farther  than 
the  pin,  the  cock  must  be  open  when  the  handle  is  in  one 
position  and  closed  when  in  the  other. 

Care  must  lie  taken  when  placing  stop-and-waste  cocks 
upon   a   system   that   the   draining   hole  t,  Fig.  34   (c),   is 
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on  the  proper  side.  For  instance,  in  placing  a  stop- 
and-waste  cock  on  a  branch  from  a  street  main  for  the 
purpose  of  shutting  off  water  from  a  building,  the  cock 
must  be  so  attached  that  when  shut  the  opening  i  will 
be  towards  the  building,  so  that  the  pipes  therein  may 
be  drained  at  that  point.  The  end  k  of  the  stop-and- 
waste  cock  would  be  connected  to  the  main,  and  I  to  the 
house  pipes. 

79.  Three-wfiy  cocks  are  constructed  as  shown  in 
Fig.  35.     The  key,   or  plug,  a  has  a  three-way  channel  b 

passing  through  it, 
which  can  be  made 
to  communicate 
with  theopeningsc, 
«  t  d,  and  e  for  the  pipe 

connections.  By 
turning  the  key,  or 
plug  a,  communica- 
tion can  be  made 
between  c  and  d, 
while  £  is  shut  off; 
between  d  and  e 
p  while  c  is  shut  off; 

between    c    and    e 

while  d  is  shut  off;  or  they  may  alt  be  open  to  one  another, 

as  shown  in  the  illustration. 

80.  SwlnK  cocks,  one  of  which  is  shown  in  Fig.  36,  are 
a  special  type  of  plug  cock.  The  plug  a  is  stationary  and 
receives  the  water  through  the  lower  end.  The  socket  b  is 
provided  with  a  suitable  nozzle  or  discharge  c,  and  can  be 
turned  on  the  plug. 

The  waterway  is  opened  or  closed  by  swinging  the  nozzle. 
The  form  of  swing  cock  shown  is  called  a  Itasln  swlnir  ' 
cock.  It  is  attached  to  the  basin  top  in  such  a  manner 
that  when  the  nozzle  c  points  toward  the  center  of  the 
basin,  the  cock  will  be  open,  and  when  tangential  to  the 
circumference  of  the  basin   the  cock   will  be  closed. 
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81.  Fig.  37  {tt)  shows  a  common  lever-handle  sr<^und- 
key  plain  sink  bibb  for  lead  pipe.  This  has  a  plain  tail  a, 
which  is  intended  to  be  soldered  to  a  lead  supply  pipe.     It 


is  called  a  plain  bibb  because  the  nose  i  is  plain.  Pig.  37  (d) 
shows  a  groand-key  lever- handle  sink  hi>se  bibb  for  iron 
pipe.  The  nose  is  threaded  to  fit  a  common  j-inch  garden-hose 
coupling,  and  the  tail  is  threaded  to  screw  into  an  iron-pipe 
fitting.  Fig.  37  (c)  shows  a  plain  lever-handle  stop-cock 
for  lead  pipe.  A  stop-cock  is  always  closed  when  the  handle 
points  across  the  pipe.  Fig.  37  ((/)  shows  a  plain  uri^iund- 
key  iffash  tray  or  tub  bibb  for  lead  pipe.  It  is  closed  when 
the  handle  a  points  down.  Fig.  37  {e)  shows  a  lever-handle 
Btop-and -waste  cock  threaded  for  iron  and  having  a  waste 
tube  n.  When  the  stop-cocks  are  buried  in  the  ground  and 
have  to  be  operated  by  a  rod,  a  socket  head  is  attached  to 
the  plug  instead  of  a  lever  handle.  The  rod  is  slipped  into 
the  socket  and  secured  there  hy  a  setscrew;  or,  a  crosshead 
may  be  cast  on  the  pUiy,  a  rod  and  socket  being  used  to 
turn  the  key.     Fig.   37  {/)  shows  a  three-way  ground 
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cock  for  lead  pipe.     The  barrel  is  large,  which  shows  that 
the  waterways  in  the  plug  are  round.  .  This  is  often  used  on 


the  suction  pipe  of  a  pump  that  raises  water  from  a  well  or 
cistern.  The  pump  is  connected  to  a,  while  d  and  c  connect 
to  the  well  and  cistern,  respectively. 

83.  Fig.  38  shows  a  coriM>ratlon  cock  and  ring  coup- 
linjr.  The  end  ii  is  llireitded  to  screw  into  an  ordinary  cast- 
ii'nii  street  water  main.  The  barrel  around  the  key  is  madf 
extra  heavy  and  is  flattened  on  each  side  to  fit  the  jaws  of  a 
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certain  make  of  tapping  machine.     After  the  couplin^f  b  is 
soldered  to  the  lead  service  pipe  that  supplies  water  to  the 


building,  the  coupling  ring  c  is  screwed  on  to  the  cock,  a 
ground  joint  being  used  to  make  the  coupling  water-tight. 

83.  Kegi4iidliiK  Leaky  PIu|e  Cocks. — When  a  ground 

plug  cock  begins  to  leak,  it  is  usually  cheaper  to  replace  it 
with  a  new  one.  If  this  cannot  be  done,  it  is  customary  to 
grind  it;  that  is,  to  grind  down  irregularities  existing 
between  the  external  surface  of  the  plug  and  the  internal 
surface  of  its  socket,  so  that  these  surfaces  will  be  in  equal 
contact  throughout  their  area  and  thus  prevent  water  from 
passing  between  them.  The  grinding  process  may  be  done 
as  follows:  Take  out  the  plug  of  the  cock  and  examine  it  for 
the  part  that  does  not  come  in  contact  with  the  socket. 
This  part  will  be  dark  in  color  and  the  bearing  parts  bright 
and  polished.  '  Then  sprinkle  fine  emery  or  powdered  bath 
brick  on  the  polished  parts  and  insert  the  plug  in  its  socket. 
Next,  with  the  hand,  partly  turn  the  plug  first  to  the  right 
and  then  to  the  left,  pulling  it  out  a  little  and  pushing  in 
again  at  the  points  where  the  motion  is  reversed.  The  turn- 
ing motion  will  grind  down  the  prominent  parts  of  the  plug 
and  socket  and  the  pulling-out  and  pushing-in  motion, 
although  slight,  will  cause  a  uniform  film  of  griiiding  mate- 
rial between  the  surfaces.  The  plug  should  be  occasionally 
dipped  in  water  and  resprinkled  with  emery. 

84.  Compression  Cofks, — Plug  cocks  are  well  adapted 
for  situations  where  it  is  not  necessary  to  turn  the  water  on 
or  off  frequently,  but  when  used  where  they  must  be  moved 
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very  often,  they  give  considerable  trouble  by  leaking.     For 
such  service,  compression  cocks,  also  called  blblae,  are  much 
superior.      A   com- 
mon      construction 
is  shown  in  Pig.  39. 
The   water    pas.ses 
through  the  orifice  a, 
which    is   closed    by 
means   of    the   valve 
disk  d.    This  disk  is 
made  of  some  elastic 
material  and   is  held 
in  a  block  c,  which  is 
attached  by  a  swivel 
joint   to   the  end   of 
the  screwed  stem  d. 
If  the  block  c  is  al- 
lowed   to   turn   with 
the  screw,  the  disk  b 
will  soon  be  injured  and  become  leaky.     The  water  is  pre- 
vented  from  flowing 
out   around   the   top 
of  the  stem  d  by  pla- 
cing    lampwick     or 
other  suitable   pack- 
ing   in    f,    which    is 
pressed    against    the 
stem     by    screwing 
down   the   nut  /  on 
the  bonnet  ^. 

85.      Compression 
cocks    are   also   con- 
structed   in    other  ; 
ways,    one    of    which  ^ 
is  sh.nvn  in   Fig.  40.  ^'"-  *". 

The  lilock  a  is  pntlonged   upwards  and  constitutes  a  nut 
that  receives  the  screw  thread  of  the  stem  d.     The  stem 
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is  provided  with  a  solid  collar  c,  which  bears  against  the 
cap  d,  the  joint  being  ground.  Thus,  the  spindle  does  not 
rise  as  the  valve  opens. 

The  block  a  is  made  either  square  or  round.  When  round, 
it  has  two  lugs  placed  diametrically  opposite  each  other, 
which,  upon  turning  the  stem,  slide  up  or  down  in  grooves 
provided  for  them  in  the  casting  of  the  cock.  This  is  done 
to  prevent  a  from  turning, 

86,  A  rapld-closlQ^  compression  cook,  known  to 
plumbers  as  the  Fuller  cock,  is  shown  in  Fig.  41.     The 


lower  end  of  the  stem  a  is  offset  and  forms  a  crank  6  of  suffi- 
cient radius  to  move  the  valve  c  to  and  from  its  seat.  A  half 
turn  of  the  handle  will  open  the  valve  to  its  full  extent,  and 
the  other  half  turn  will  close  it.  The  handle  may  be  turned 
in  either  direction. 

In  this  form  of  cock  the  water  pressure  is  on  the  back  of 
the  soft  conical  rubber  valve  c,  and  pushes  the  valveagainst 
its  seat.  The  stem  is  made  water-tight  by  screwing  down 
the  nut  or  cap  rf,  which  forces  down  the  bushing  e,  and 
thereby  compresses  the  packing  at  /around  the  stem.  The 
valve  is  guided  to  its  seat  by  prongs  cast  on  the  stem  g,  to 
which  the  valve  f  is  fastened.  These  cocks  are  used  chiefly 
on- low-pressure  work  where  the  water  is  free  from  grit,  etc. 
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87.  Fig.  42  {a)  shows  a  common  compression  plain 
bibb  with  cast  flan^te,  tlireaded  for  Iron  pipe.  This  is 
used  chiefly  where  the  supply  pipe  comes  through  the  wall, 
or  through  a  stab  at  the  back  of  a  sink.  In  Fig.  42  (6)  is 
shown  a  compression  hose  bibb  -with  stuflln^box,  hav- 
ing a  cast  flange,  bent  coupling,  and  locknut  attachment. 
This  is  used  where  the  supply  pipe  comes  up  back  of  a  slate 
or  marble  slab.  The  lockniit  a  at  the  back  of  the  slab  i 
when  screwed  up  tightly  makes  the  cock  rigid.     The  tail  of 


the  coupling  is  intended  to  be  soldered  to  lead  pipe. 
Fig.  i'i  ((')  shows  a  plain  sink  Fuller  bibb  with  cast 
flftnge,  threaded  for  iron  pipe.  It  is  intended  to  be  screwed 
into  the  socket  of  a  fitting  that  is  located  flush  with  the  wall, 
or  hack  slab  of  a  sink.  Fig.  42  (i/)  shows  a  solid  flange 
Fuller  tub  cock  threaded  for  iron  pipe.  This  cock  is 
closed  when  the  handle  points  down. 
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88.     Fig.  43  (d)  shows  a  common  compression  urinal 

cock;  the  inlet  end  is  shown  plain  for  soldering  to  a  lead 
water  pipe.     The  other  end  has  a  socket  that  fits  over  the 


urinal  horn.  Fig.  43  (*)  shows  a  compression  tub  cock 
with  flaufce  and  thimble.  The  thimble  a  is  intended  to 
be  soldered  to  a  lead  pipe. 


89.     Fig.  44  shows  a  common  compression  basin  cock 
with  locknut  attachment    to  a  marble  basin    slab,    and  a 
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coupling  a  for  lead  pipe.  This  is  the  kind  most  commonly 
used  on  ordinary  wash  basins.  The  valve  seat  is  located 
at  i.  Fig.  45  shows  a  Fuller  t>a«dii  cock  intended  to  be 
set  on  the  marble  slab  of  a  wash  basin.  The  valve  seat  is 
located  at  a.  The  valve  should  be  closed  when  the  handle  is 
down.  It  should  be  attached  to  the  slab  in  the  same  man- 
ner as  the  cock  shown  in  Fig.  44. 

90.     Fig.  46  shows  a  compression  pantry  sink  cock. 
This  is  the  kind  in  common  use  on  ordinary  butler's  pantry 


n 


sinks.  It  is  simply  a  globe  valve  fitted  with  a  long  swan- 
nock  discharge  tube  on  top  and  a  flange  and  lockout  attach- 
ment below.  These  cocks  can  be  had  with  ground  keys. 
Fig.  47  shows  a  compreaalon  combination  bath  cock. 
The  valve  seats  are  located  at  a  and  S.  Both  valves  dis- 
charge into  the  outlet  c.  This  cock  is  provided  with  lock- 
nut  attachments  on  both  hot  and  cold  connections  to  secure 
it  to  the  foot  of  a  bath. 
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91.  Self-closing;  compression  cocks  differ  from  the 
common  kind  in  having  a  stout  coiled  spring  under  the  cap, 
or  some  other  contrivance,  to  close  the  valve,  instead  of  the 
usual  screw  and  handle.  The 
handle  is  always  a  lever  of  some 
kind,  which  is  so  arranged  that 
the  valve  may  be  opened  by  it, 
but  as  soon  as  it  is  released  the 
spring,  or  other  contrivance, 
automatically  closes  the  valve. 
The  chief  objection  to  the 
self-closing  or  spring  cocks  is 
that  they  close  too  suddenly, 
and  cause  a  shock  upon  the 
pipe  system.  The  nature  of 
the  shock  is  similar  to  t)iat 
received  by  a  hydraulic  ram 
when  the  large  valve  is  sud- 
denly closed.  The  best  self- 
closing  cocks,  therefore,  are 
those  that  close  slowly.  Self- 
closing  cocks  are  only  used 
where  water  is  scarce,  so  that 
none  may  be  wasted  by  careless 
persons  leaving  the  cocks  open, 

93.      Fig.    48    (rt)    shows    a 

single-lever   plain    sprin^r 

sink  bibb  for  lead  pipe.     The 

cock  opens  by   pressing   down 

on  the  lever  handle  a,  and  closes 

by  the  force  of  a  spring  when 

the    pressure    is    removed. 

'"  Fig.    48    (d)    shows    a     plain 

rabbit-ear  spring  sink  bibb 

for    lead     pipe.      By    squeezing    the    ears,  or    levers,   a,  a 

together  the  valve  is  opened  against  a  strong  spring,  but  it 

instantly  closes  when  the  ears  are  released.     In  Fig.  48  {c) 
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acrossIiciMl  »tpFln)j;  plain  sink  bibb  for  lead  pipe  is  shown. 
By  turning  the  crosshead  a,  the  valve  is  raised  against  the 
force  of  a  strong  spring,  which  automatically  closes  the  valve 
when  the  crosshead  is  released. 

93.  A  common  form  of  ball  cock,  which  is  chiefly  used 
for  supplying  water  to  tanks,  is  shown  in  Fig.  49.  The 
body  a  is  bored  to  receive  the  cylindrical  stem  b,  to  which 
the  valve  c  is  attached.  The  water  enters  through  the 
pipe  d  and  escapes  through  e.     A  cup  leather  f  is  secured 


between  b  and  c,  which  prevents  water  from  passing  the 
guide  stem  b.  The  ball  g  is  hollow  and  its  buoyancy  in 
water  is  utilized  to  close  the  valve.  It  is  attached  to  the 
lever  //,  the  short  end  of  which  engages  the  stem  b  of  the 
valve.  As  the  water  rises  in  the  tank  to  which  this  valve  is 
attached,  the  ball  floats  upwards  and  gradually  pushes  the 
valve  to  its  scat  and  stops  the  inflow  of  water. 

When  the  water  in  the  tank  is  discharged,  g  drops  and 
thereby  opens  the  valve  c,  which  permits  water  to  flow  into 
the  tank. 

The  hollow  ball  g^  although  carefully  made,  will  some- 
times partly  fill  with  water.  This  causes  the  ball  to  sink 
and  allows  the  water  to  run  and  overflow  the  tank. 
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VALVES 

94.  Globe  Valves  and  Gate  Valves-  —  The  ordinary 
globe  valve  shown  in  Fig.  60  and  the  an^le  valve  shown 
in  Fig.  51  belong  to  the  compression  class.  The  waterway 
through  a  globe  valve  is  so  contorted  that  the  flow  of  water 
is  obstructed  to  a  serious  degree. 

Globe  valves  should  be  attached  to  the  pipe  system  in 
such  a  manner  that  the  valve  will  close  against  the  pressure, 


as  otherwise  when  the  valve  is  on  its  seat  the  water  will  ' 
work  up  along  the  valve  stem  and  leak.     The  same  applies 
to  the  angle  valve.     The  ordinary  globe  valve  is  used  on 
straight  pipe,  while  the  angle  valve  is  used  at  the  junction 
of  two  pipes  at  right  angles. 

95.  The  gate  valve  shown  in  Fig,  53  serves  the  same 
purpose  as  the  globe  valve,  but  furnishes  a  freer  passage- 
way for  the  water.  By  turning  the  stem  a,  the  wedge- 
shaped  disks  />  and  c  are  moved  across  the  seats  i/,  i/and  the 
orifice  is  opened  or  closed  gradually.  The  disk  c  has  cast  on 
its  lower  side  a  projection  e,  which  rests  on  a  corresponding 
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projection  f  cast  to  the  valve  body.  These  projections 
prevent  the  disk  c  from  moving 
down  too  far.  The  disks  are 
'  wedged  apart  and  pressed  tightly 
against  their  seats  by  turning  the 
stem  a  in  the  proper  direction. 

Gate  valves  are  made  quick 
acting  by  substituting  a  lever 
and  sliding  stem  for  the  screw 
stem  shown. 

96.  Check- Valves.— A  form 
of  valve  that  permits  the  flow  of 
a  fluid  in  one  direction  only  and 
positively  prevents  a  reversal  of 
the  flow  is  called  a  check-valve. 
There  are  two  kinds  of  check- 
valves  in  common  use — \)ci&  globe 
check  and  the  swing  check. 

97.  The  globe  check  is  shown 
in  Fig.  53.  The  valve  a  is  a  solid 
disk  of  metal  having  a  beveled 
edge  to  suit  the   seat  b,  and  is 

p,^^  guided    by    the    wings   c,    4,    as 

shown.     The  fluid  passes  in  the 

direction  of  the  arrows.     A  cap  e  gives  access- to  the  valve. 

98,  An  improved  form 
of  check,  known  as  a 
svping  check,  is  shown 
in  Fig.  54.  The  valve 
disk  a  is  attached  to  an 
arm  that  swings  on  a  pin, 
as  shown.  The  passage 
of  fluid  through  this  valve 
is  more  direct  than  in  the 
globe  check,  and  the  pres- 
sure required  to  open  the  ^"^'  ^ 
valve  is  much  less.     The  fluid  passes  through  the  valve  as 
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shown  by  the  arrows,  that  is,  from  b  toward  c.     In  case  of 
a  rapid  flow  of  water,  the  projection  d  on  the  end  of  the  arm 
to  which  the  valve  is  attached 
striices  against  the  bottom  of 
the  screw  c,  and  is  thus  pre- 
vented from  going  too  far. 

99.  A  check-valve  espe- 
cially adapted  for  drainage' 
purposes,  and  called  a  back- 
water valve,  is  shown  in 
Fig.  66.  It  is  used  to  prevent 
water   in  the   street    sewers  '""  ** 

from  backing  up  into  the  house  drains,  as  is  liable  to  occur 
during  a  heavy  rainfall  if  the  sewers  are  too  small  or  have 
too  little  fall.  This  valve  should  never  be  used  on  a  system 
of  house  drainage  unless  it  is  absolutely  impossible  to  avoid 
it,  as  it  is  liable  to  cause  a  chokage  in  the  house  drains  by 


allowing  the  liquids  to  pass,  and  retaining  the  solids.  This 
is  likely  to  happen  if  the  house  drains  have  little  fall  toward 
the  valve. 

Referring  to  the  figure,  it  will  be  seen  that  the  valve  a 
swings  on  a  pin  b;  the  inlet  is  indicated  by  the  arrow. 

The  valve  and  its  seat  c  should  be  made  of  brass,  so  as  not 
to  corrode.  For  facilitating  the  cleaning  out  of  the  valve,  a 
handhole  and  cover  i/are  provided  in  the  body  e;  the  cover 
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is  held  in  place  by  boltsyon  each  side  of  it.  To  prevent 
leakage,  packing  should  t>e  placed  under  the  cover. 

100.  Another  form  of  a  back-water  valve  is  shown  in 
Fig.  56.  This  is  used  chiefly 
to  drain  water  from  the 
basement  floors,  etc.,  where 
there  is  danger  of  water 
backing  up  from  the  sewers. 
The  valve  is  composed  of  a 
hollow  copper  float  a,  en- 
circled by  a  soft-rubber 
ring  b.  A  rest,  or  stop,  c, 
for  the  float  is  attached  to 

'°'  "  '     the  brass  valve   seat  d  by 

four  arms.  These  arms  also  act  as  guides  to  lead  the  valve  to 
its  seat  when  the  sewage  water  rises  in  the  drain  pipe  e  and 
buoys  up  the  valve.  When  the  waterfalls  in^,  the  float  will 
fall  from  its  seat  and  descend  with  the  receding  water  until 
it  reaches  its  stop,  as  shown,  when  it  will  be  again  open  for 
surface  water.  A  bell-shaped  casting /suspended  from  the 
perforated  cover  ^  dips  into  water  and  forms  a  seal  to  pre- 
vent drain  air  from  entering  the  building.  This  form  of 
check-valve  is  commonly  called  a  back-vrater  trap. 

101.  Safety  Valves. — A  certain  kind  of  valve  is  designed 
to  open  when  the  pressure  within  the  vessel  to  which  it  is 
attached  becomes  greater  than  that  for  which  the  valve  is 
set;  it  then  permits  the  fluid  to  escape  until  the  excess  of 
pressure  is  relieved,  when  it  closes.  Such  a  valve  is  known 
as  a  safety  valve. 

lOS.  One  form  of  safety  valve  in  common  use  for 
plumbing  work  is  the  lever  safety  valve,  shown  in  Fig.  67. 

The  valve  a  is  held  down  on  its  seat  against  the  upward 
pressure  acting  on  the  bottom  of  it  by  a  lever  b  and  weight  c. 
Instead  of  holding  down  the  valve  in  this  manner,  it  is  held 
down  sometimes  by  means  of  a  weight  placed  directly  on  the 
valve  stem  d,  and  is  then  known  as  a  dead-weight  safety 
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valve,  or  by  means  of  a  strong  spring  acting  on  the  valve 
stem,  and  is  then  known  as  a  spring,  or  pop,  safety  valve. 


103.  Vacuum  valves  are  similar  to  safety  valves, 
except  that  they  operate  in  the  reverse  way,  the  internal 
pressure  acting  upon  the  top  of  the  valve  and  the  external, 
or  atmospheric,  pressure  acting  on  the  under  side.  Thus,  if 
a  vacuum  is  being  formed  within  a  boiler,  so  that  there  is 
danger  of  its  collapsing  from  the  external  pressure  of  the 
atmosphere,  the  valve  will  open  and  will  allow  enough  air 
to  enter  to  destroy  the  vacuum.  Safety  valves  and  vacuum 
valves  for  plumbers'  use  are  commonly  combined  in  one 
structure.  Such  an  arrangement  is  shown  by  Fig,  67,  in 
which  e  is  the  vacuum  valve. 

104.  The  action  of  the  lever  safety  valve  and  the  vacuum 
valve  is  as  follows:  Suppose  the  nozzle/ to  be  attached  to  a 
vessel  under  pressure,  so  that  communication  is  made  between 
the  vessel  and  the  chamber^.     Then  the  fluid  contained  in 
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/■,  being  under  pressure,  tends  to  raise  the  valve  a  off  its 
seat  and  force  the  valve  e  downwards  to  its  seat.  When  the 
pressure  of  the  fluid  per  square  inch  in  g  multiplied  by  the 
area  of  the  bottom  of  the  valve  a  is  greater  than  the  weight 
of  the  valve  a  and  stem  d  plus  the  force  due  to  the  weight  c 
and  lever  b  acting  on  the  valve  seat,  the  valve  a  will  rise 
and  the  fluid  will  pass  out  of  /( into  the  atmosphere.  After 
the  pressure  of  the  fluid  in  g  and  in  the  vessel  has  fallen  a 
pound  or  so  below  that  required  to  raise  the  valve  a  off  its 
seat,  the  valve  will  again  close. 

Should  the  pressure  in  the  vessel  to  which  the  safety 
valve  is  attached  become  less  than  that  of  the  atmosphere, 
a  partial  vacuum  would  exist  in  the  chamber  g,  and  the 
atmospheric  pressure  would  force  upwards  the  valve  e  and 
thereby  ojien  it  to  admit  air,  which  will  destroy  the  vacuum 
and  prevent  the  vessel  from  collapsing. 

The  pressure  at  which  a  lever  safety  valve  will  blow  ofif 
depends  on  the  weight  of  c  and  on  the  distance  it  is  placed 
on  the  lever  b  from  the  fulcrum  i.  The  nearer  it  is  placed 
to  the  fulcrum,  the  less  will  be  the  Mow-off  pressure;  and 
the  farther  it  is  placed  from  the  fulcrum,  the  higher  will  the 
pressure  rise  before  the  valve  will  blow  off. 

The  lever  of  lever  safety  valves  should  be  periodically 
raised  by  the  hand,  as  the  valve  is  liable  to  stick  to  its  seat. 

105.  Pressnpe-Reiluclng:  Valves. — In  order  to  decrease 
the  pressure  of  a  fluid,  a  device  known  as  a  pressure- 
reducing  valve  is  employed.  Such  valves  are  made  for 
reducing  the  pressure  of  gases  or  liquids;  the  form  used  for 
reducing  the  pressure  of  liquids  will  be  considered  here. 
They  are  chiefly  used  in  cities  where  the  stri.'et  water  pres- 
sure is  too  great  for  the  plumbing  systems  in  the  buildings 
to  safely  withstand.  Their  duty  is  to  reduce  the  pressure 
within  the  building  to  a  safe  and  suitable  point. 

Pressure-reducing  valves  are  generally  attached  to  the 
pipes  that  supply  the  buildings  from  the  street  mains  whose 
pressures  are  to  be  reduced,  and  are  usually  located  in  the 
cellars  of  the  buildings. 
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106.  One  form  of  a  water-pressure-reducing  valve  is 
shown  in  Fig.  58.  The  water  having  high  pressure  enters 
at  a  and  passes  up  the  tube  b.  The  orifice  of  this  tube  is 
closed  by  a  flexible  disk,  or  diaphragm,  c,  which  is  held  down 


by  a  plunger  d.  When  the  pressure  on  top  of  d  is  dimin- 
ished, the  water  lifts  c  and  escapes  over  into  the  pipe  e. 
The  water  in  e  also  fills  the  chamber/",  which  is  closed  by 
the  flexible  diaphragm  g.  The  plunger  //  rests  upon  the 
top  of  the  diaphragm  ^,  and  its  motion  is  transmitted  by 
means  of  the  lever  (  to  the  plunger  d. 

Owing  to  the  large  area  of  g  and  the  smaller  area  of  c,  a 
lower  pressure  per  square  inch  is  required  in  e  than  in  a  to 
cause  an  equal  upward  force  upon  the  plungers  d  and  //. 
If  the  fulcrumyis  equidistant  between  the  plungers  (/and//, 
and  if  the  tension  of  the  rubber  diaphragms  and  the 
upward  pressure  upon  the  annular  ring  of  the  diaphragm  c 
around  the  orifice  of  b  be  omitted,  the  areas  of  the  orifice  of 
l>  and  of  the  diaphragm  g  will  be  inversely  proportional  to 
the  pressures  per  square  inch  in  e  and  a,  respectively;  that 
is,  the  area  of  b  when  multiplied  by  the  pressure  per  square 
inch  in  a  should  equal  the  area  of  g  when  multiplied  by  the 
pressure  per  square  inch  in  e.  The  pressure  in  c  can  be 
adjusted,  however,  by  shifting  the  fulcrum /of  the  lever  i 
along  upon  the  tube  e,  it  being  provided  with  a  suitable 
clamp  for  that  purixisc.  Thus,  if/  be  set  nearer  d,  a  lower 
pressure  in  e,  and  therefore  under  ^^  will  balance  the  pres- 
sure under  c,  and  vice  versa. 
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Whenever  the  pressure  falls  in  e,  the  water  from  a  will  lift  c 
and  pass  until  the  pressure  in  e  is  re- 
stored. 'Should  the  pressure  in  (Z  be  re- 
moved by  shutting  ofE  the  service  water  or 
otherwise,  the  diaphragm  c  will  be  closed 
^y  g^  its  area  being  much  greater  than 
that  of  c,  and  no  water  can  escape  back 
I  through  the  apparatus.     It  thus  acts  as  a 

check-valve. 

SUNDRIES 

107.  Fig,  59  shows  a  boiler  coup- 
Uii^  and  spud  screwed  together 
by  a  coupling  ring  a.  The  end  b 
of  the  spud  is  threaded  iron-pipe 
size  for  screwing  into  the  tapping 
of  an  ordinary  iron  kitchen  boiler. 
The  coupling  may  have  a  washer, 
or  may  be  ground.  The  latter  is 
preferable. 

108.  Fig.  00  {a)  shows  a  chain 
stay  commonly  used  on  wash- 
basin slabs.  The  basin  plug  is 
attached  to  a  chain,  which  in 
turn  is  hooked  to  the  ring  of  the 
chain  stay.  A  nut  rt  on  the  under 
side  of  the  basin  slab  holds  the 
chain  stay  tight.  Fig.  00  {b) 
shows  a  cock-liole  cover  com- 
monly used  to  close  a  cock  hole 
in  a  marble  wash-basin  stab.  It 
is  held  tight  by  the  nut  under- 
neath. 

109.  Fig.  Gl  (rt)  shows  a 
sCraisht   braxs    feiTulc       The 

part   a  is   finished   smooth  to  a  ''"'* 

distance  of  about  1  inch,  while  the  remainder  is  left  rough. 
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This  is  used  to  connect  a  lead  pipe  to  a  cast-iron  pipe,  the 
lead  pipe  being  soldered  to  the  end  a,  while  the  other  end  is 
calked  into  the  pipe  socket.  Fig.  61  {b)  is  a  bent  brass 
ferrule  recessed  on  top  at  a  to  receive  lead  pipu,  and  beaded 
at  the  bottom  for  calking  into  a  cast-iron  pipe  socket.  The 
surface  at  a  is  finished  for  soldering  purposes.     Fig.  61  {c) 


shows  a  retluc'lnj?  bra.***  ferrulo,  commonly  used  to  connect 
Ij-  or  1^-inch  lead  waste  pipe  to  a  'i-inch  socket.  Fig.  61  {d) 
shows  a  brass  screw-fnp  ft'rrule  for  calking  into  the 
socket  of  a  cast-iron  pipe,  or  trap.  It  is  used  for  a  handhole 
for  cleantn[f-out  purposes.  The  top  can  be  unscrewed  by 
applying  a  wrench  to  the  hexagonal  projection.  The  cap 
oa— lit 
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may  be  made  gas-tight  by  a  washer;  the  best  ferrules,  how- 
ever, have  ground  joints. 

110.  Fig.  02  (rt)  shows  a  male  solder  nipple,  and  (d)  a 
female  solder  nipple.  The  plain  ends  of  these  nipples  are 
finished  smooth  for  soldering  to  lead  pipes.     The  other  end 


of  the  male  nipple  is  threaded  to  screw  into  an  iron-pipe 
fitting,  and  the  other  end  of  the  female  nipple  to  screw  over 
an  iron  pipe.  Fig.  62  (c)  shows  a  common  plug  and 
socket.  The  plug  a  is  shown  set  in  the  socket  d.  Brass 
plugs  are  ground  to  fit  the  sockets;  rubber  plugs,  however, 
are  commonly  used.  The  plug  and  socket  shown  are  gen- 
erally used  in  baths  lined  with  sheet  metal.  A  strainer  is  cast 
on  the  bottom.  Fig.  ii'i  ((/)  shows  a  waste  plug:  and  socket 
coupling  with  iocknut  a,  straight  coupling  d,  and  rubber 
plug  c.  The  flange  (/sets  in  a  countersunk  part  of  the  bath 
or  sink  to  make  a  flush  bottom.  A  strainer,  generally 
cross-bars,  is  located  inside  the  opening  about  }  or  ^  inch 
below  the  plug. 
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111.    The  band) 
lead  pipe,  wood,  etc. 


TOOLS 

ttw  shown  in  Fig.  63  is  used  for  cutting 
It  should  have  a  blade  about  16  inches 


long,  with   coarse  teeth  upon  one  edge  and  fine  teeth  on 
the  other. 

112.  A  hack  saw  is  a  special  saw  with  fine  teeth.  It  is 
used  for  cutting  brass  and  iron,  but  is  not  much  used  by 
plumbers. 

113.  Baspe  are  used  for  beveling  sheet  lead  and  pipe 
when  preparing  them  for  soldered  joints.  A  convenient 
size  is  the  13-inch.  Coarse  rasps  are  used  on  heavy  lead; 
fine  rasps  are  used  on  thin  or  light  lead. 

114.  Files  are  used  for  shaping  brass  and  iron,  and  for 
clearing  the  oxide  from  the  solder 
bits.    A  convenient  size  is  a  12-inch  | 
bastard-cut  file.     To  prevent  the 
teeth  of  a  file  from  filling  with  lead 
chips,  first  rub  chalk  on  the  file. 

115.  Dividers,  or  cona passes, 
are  used  for  describing  arcs  and 
circles  and  dividing. 

116.  The  tap  borer  shown  in 
Fig.  64  has  a  short  conical  bit  a, 
sharp  on  both  edges,  by  which 
holes  may  be  made  and  opened 
out  in  lead  pipes  or  sheets.      The  bit  should  be  quite  short, 
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so  that  the  pi.int  will  not  strike  the  bacL  of  a  pipe  when 
making  a  hole  in  the  front  side  of  it. 

in.    The  bending  pin  shown  in  Fig.  C5  is  made  of 


steel,  and  is  used  for  curving  small  pipe,  and  for  working 
up  the  edges  of  holes  that  have  been 
bored  with  the  tap  borer,  etc. 

118.  The   tnm  pin,  or    tain    pin, 

shown  in  Pig.  6G,  is  a  cone  made  of 
boxwood,  and  is  used  for  expanding  the 
ends  of  lead  pipe.  A  convenient  size 
has  a  diameter  of  2}  inches  at  the  large 
end. 

119.  The  shave  hook,  shown  in 
Pig.  67,  consists  of  a  steel  blade  a  bev- 
eled to  an  edge  all  around  and  secured 

to  a  convenient  handle.     Shave  hooks  are  made  in  many 
shapes;  that  shown  in  the 
illustration    is    good    for 
general  work. 

lifO.     8oldt>rinK    bltM 

are  made  in  two  forms,  the 

pointed    bit,    shown    in 

Fig.  OH,  and  the  hate-hot 

bit.     They    consist    of    a 

block  a  of  copper,  which  is 

secured   to   a    convenient 

handle.     The  shape  and  weight  of  the  bit  are  varied  to  suit 

difTcrent  kinds  of  work.     A  convenient  size  is  that  which 

weighs  about  4  pounds  per  pair;  heavier  bits  are  required, 
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however,   for  heavy  work.     In  the  hatchet  bit  the  copper 
is  given  the  general  form  of  a  hatchet  blade. 


131.     The  (Ipesser,  shown  in  Fig.  dS,  is  made  of  boxwood. 
It  is  used  for  working  sheet  lead  and  lead  pipe.     Iron  being 


harder  than  lead,  tools  made  of  this  metal  mark  and  bruise 
lead;  consequently,  wooden  tools  are  used  instead  of  iron 
ones  for  hammering  or  beating  lead  into  various  shapes. 


122,  The  tank  Iron  shown  in  Fig.  70  is  of  assistance  in 
maintaining  the  heat  required  in  making  large  wiped  joints, 
and  in  wiping  the  seams  in  lead-lined  tanks,  etc.    It  is  made 
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of  wrought  iron.  The  tank  iron  was  extensively  used  before 
gasoline  torches  were  placed  on  the  market.  Up-to-date 
American  plumbers  do  not  use  tank  irons  if  a  torch  is 
available. 

123.    The  ladle  is  shown  in  Fig,  71.      It  should  have 


three  lips,  so  that  its  contents  can  be  poured  to  the  right, 
left,  or  ahead,  and  thus  work  readily  in  all  situations. 

134.  The  solder  pot  is  made  of  iron,  and  for  ordinary 
jobs  it  should  hold  15  pounds  of  melted  solder. 

135.  Wiping*  cloths  are  made  of  moleskin  cloth  or  bed 
ticking,  of  all  sizes  and  thicknesses.  They  may  be  made  by 
the  workmen,  or  may  be  purchased  from  dealers  in  plumbers' 
supplies.  The  sizes  commonly  used  for  underhand  joints 
are  given  in  the  following  table: 

TABI.E   Xn 

SIZES  OF  WIPING  CIXXTHS 


Ske  of  Pipe. 

Size  of  Cloth. 

Thickness  of  Cloth. 

laches 

Inches 

Layers 

Hoi 

3i  X  4 

6 

I 

4     X4} 

8 

iftoii 

4iX4i 

8 

2 

4iX5 

8 

3 

5     X  6 

8 

4 

6     X7 

8  or  10 
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By  practice,  the  plumber  soon  decides  upon  the  size  of 
cloth  best  adapted  to  his  own  niethods  of  solder  manipula- 
tion. Many  plumbers  use  smaller  cloths  than  those  given 
in  the  table.  The  sizes  there  given  are  suitable  for  begin- 
ners, who  can  reduce  the  size  as  they  become  more  expert 
in  handling  the  solder. 

1556,  Fire-pots  are  made  of  various  forms,  to  suit  dif- 
ferent fuels.  Large  iron  chaffers  are  especially  designed  for 
burning  soft  coal.  Fire-pots  for  charcoal  fuel  are  commonly 
made  of  sheet  iron,  but  they  do  not  last  long.  A  cast-iron 
fire-pot  with  a  flaring  top  is  the  best  for  burning  charcoal. 

137.  Gasoline  fire-pots  especially  constructed  for  plumb- 
er's use  are  made  in  various  ways.  In  general,  they  are 
composed  of  a  gasoline  storage  chamber  surmounted  by  a 
burner  and  a  support  for  a  solder  pot  and  copper  bits.  Air 
is  pumped  into  the  gasoline  chamber,  which  forces  the  gas- 
oline up  to  the  burner,  where  it  flows  through  a  heating  coil 
and  is  vaporized  before  it  is  ejected  from  the  burner. 
Instructions  are  furnished  with  each  gasoline  fire-pot.  Since 
gasoline  is  a  highly  volatile  liquid,  it  is  advisable  to  light 
gasoline  fire-pots  outdoors,  so  that  there  will  be  no  danger  of 
the  building  taking  fire  in  case  of  an  accident  to  the  fire-pot. 

138.  There  are  several  kinds  of  plumbers'  torches. 
The  most  common  are  the  KHsoline  hand  torch,  which 
operates  on  the  same  principle  as  the  gasoline  fire-pot,  and 
the  alcohol  torch,  which  is  simply  a  flask  containing  alcohol 
and  a  cotton  wick.  This  is  used  with  a  mouth  blowpipe. 
Some  of  the  improved  forms  have  an  adjustable  mouth 
blowpipe  attached  to  the  torch. 

139.  A  yamlniB;  tool  is  shown  in  Fig.  73.  It  is  made 
of  steel.     The  face  a 

is  about   J   inch  thick 

and  about  i  or  f  inch 

wide.      It  is  used  for  . 

driving  yarn  or  oakum 

into  iron-pipe  sockets.  fig.  ts 
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130.  A  calking  tool  is_  shown  in  Fig.  73.  It  is  made 
of  steel.  The  face  is  about  ^  inch 
thick  and  about  |  or  J  inch  wide. 
It  is  used  for  staving  or  calking 
lead   into  cast-iron   pipe  sockets. 

Yarning    and    calking    tools    are 
made  in  different  forms  to  reach 
around  the  back  of  pipes  in  confined  places.     Those  shown 
are  used  for  open,  that  is,  readily  accessible,  work, 

131.  A  cold  chisel  is  shown  in  Fig.  74  {a).  It  is  used 
chiefly  for  cutting  cast-iron  pipes,  brick,  stone,  etc.     A  cape 

chisel  is  shown  in       

(^).  It  is  similar  to 
the  cold  chisel,  only 
narrower  at  the  cut- 
ting edge,  being  - 
about  J-  inch  wfde. 
It  is  used  for  cutting 
iron,  brick,  or  stone 
and  for  picking  lead 

out  of  calked  joints 

in     cast.iroi,     pipe,  ^.^  ,, 

etc.     A  half-round 

nose,  OP  foal-foot  chisel  is  similar  to  the  cape  chisel,  the 
chief  difference  being  that  the  face  of  the  chisel  is  ground 
to  the  form  of  a  colt's  hoof.  It  is  used  chiefly  for  gouging 
a  groove  in  heavy  iron  previous  to  cutting  it  with  the  cold 
chisel.  A  diamond-nose  chisel  is  the  same  as  the  foal- 
foot chisel,  except  that  the  nose  is  ground  to  the  form  of  a 
diamond.  It  is  used  for  the  same  purposes  as  the  foal-foot 
chisel. 

133.  A  noor  chisel  is  shown  in  Fig.  74  (c).  It  is  simply 
a  steel  cold  chisel  with  a  very  wide,  thin  face.  It  is  used  for 
driving  into  floor  joints,  cniting  the  tongue,  and  raising  the 
boards  without  injuring  the  wood.  A  ^%'ood  chisel  for 
plumbers'  use  may  be  provided  with  a  wooden  handle,  or  it 
may  be  made  out  of  bar  steel.     The  latter  is  preferable.     A 
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Konge  is  similar  to  a  common  wood  chisel,  but  curved  at 
the  cutting  end.  It  is  used  chiefly  for  cutting  roads 
for  pipes. 

133.  Plnmbers'  hammera  should  have  straight  peens, 
for  convenience  in  driving  in  wall  hooks,  etc.  A  heavy 
hammer,  weighing  about  2^  pounds,  should  be  used  for  cut- 
ting iron  pipes,  holes  in  stone  walls,  etc.  A  light  hammer, 
weighing  about  1  pound,  should  be  used  for  ordinary  work. 
The  handles  should  be  about  10  or  12  inches  long,  over  all, 

134.  Fig.  75  shows  an  aabestos  Joint  runner  attached 
to  a  pipe  and  ready  to  receive  molten  lead.  It  is  held  in 
position   by   a  special 

clamp,  which  is  con- 
nected permanently  to 
the  runner  by  a  chain. 
The  asbestos  runner  a, 
which  is  square  in  sec- 
tion, is  placed  around 
the  pipe  and  drawn  up 
tight  against  the  hub  d 
and  pipe  c  by  the 
clamp  (/,  which  is 
closed  in  on  the  runner 

by     a     spiral    spring.  ^^^  ^ 

The    lead    is     poured 

into  the  hub  at  the  gate  e,  as  shown ;  to  prevent  the  lead 
flowing  between  the  ends  of  the  joint  runner,  a  little  putty 
is  sometimes  placed  into  the  space.  The  lead  ring  then 
cast  is  thus  without  a  projection. 

135.  A  spirit  level  is  a  wooden  or  iron  bar  having  a 
small  glass  tube  secured  near  the  middle.  The  tube  is  nearly 
filled  with  alcohol  or  some  other  fluid  and  sealed  at  both 
ends,  an  air  bubble  being  allowed  to  remain  in  the  tube.  It 
is  so  arranged  that  when  the  bar  is  level  the'  air  bubble  will 
locate  itself  in  the  middle  of  the  glass.  This  is  used  chiefly 
for  grading  trenches,  drains,  etc. 
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136.     A  rosiD  dish  quite  popular  among  plumbers  has 
three  compartments,  as  shown  in  Fig.   76;  the  one  is  for 


rosin,  another  for  flour  paste,  and  the  middle  one  for  tallow. 
The  end  compartments  are  closed  with  caps  a,  a,  and  the 
center  one  is  closed  by  a  revolving  cylinder  6. 

137.  The  screwdriver  may  be  of  the  ordinary  kind. 
A  6-inch  one  and  a  12-inch  or  15-inch  one  are  very  useful. 
They  must  be  strong  and  the  steel  must  t>e  of  good  quality. 

138.  Brace  and  bits  are  required  in  a  plumbers'  kit  to 
t>ore  holes  in  woodwork  for  pipes  to  pass  through.  A  ratchet 
brace  and  an  extension  bit  are  most  suitable — the  ratchet, 
because  it  enables  holes  to  be  cut  in  close  corners,  and  the 
extension  bit,  because  it  can  be  adjusted  to  cut  the  hole  any 
convenient  size. 

139.  A  compass  saw  is  necessary  in  cutting  roads  for 
pipes.  It  has  a  handle  like  a  common  saw,  but  has  a  very 
narrow  blade  that  can  make  a  cut  in  any  direction.  It  is 
used  for  cutting  holes  in  floors,  etc.,  that  are  too  large  for 
an  extension  bit. 

140.  A  pipe  bender  is  shown  in  Fig.  77.  It  is  simply 
a  slightly  tapering  spiral-steel  spring  provided  with  a  hook 


at  one  end  and  rounded  off  at  the  other.     It  is  used  for  bend- 
ing thin  lead  pipes  having  a  diameter  less  than  2  inches. 
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141.     Plumbers  often  have  occasion  to  thaw  out  frozen 
pipes  underground,    and   in   other  inaccessible   places,    by 
means  of  steam  injected 
into  the  frozen  pipe  by  a 
small  lead  tube.     Pig.  78 
shows  a  portable  steam 
generator   for   this   pur- 
pose, which  may  be  set 
on   top   of    an   ordinary 
plumbers'    fire-pot,     the 
steam    being    generated 
by  the   heat  of  the  fire. 
This  device   is   called  a 
tha^vlng    steamer.     It 
is  simply  a   plain  cylin- 
der a  provided  with  an 
ordinary    equipment    of 
boiler     connections     for 
tilling    and    safety    pur- 
poses.    Water  is  supplied  '"' 
to  the  boiler  through  a  combination  funnel  and  safety  valve  b. 
A  gauge  glass  c  shows  the  water-line  in  the  boiler.     The 
safety  valve  is  used  to  allow  steam  to  escape  to  the  atmos- 
phere if  an  excess  of  pressure   is  raised  in  the  boiler.     A 
J-inch  lead  pipe  d  is  attached  to  the  steam  space  of  the  boiler 
to  convey  steam  to  the  frozen  pipe.     When  steam  is  up,  the 
open  end  of  this  lead  pipe  is  pushed  inside  the  frozen  pipe 
until  it  strikes  the  ice,  and  steam  is  allowed  to  blow  against 
the  ice,  thus  melting  it.     When  the  pipe  is  entirely  thawed 
out  and  the  water  begins  -to  flow,  the  lead  pipe  is  withdrawn 
and  the  stop-cock,   through  which  it  has  been  inserted,  is 
closed;  the  water  connections  are  then  made  up  again.     In 
thawing  frozen  pipes  by  this  method,  care  must  be  taken  to 
withdraw  the  steam  tube  when  the  steam  ceases  to  flow, 
otherwise  the  lead  tube  may  become  frozen  inside  the  water 
pipe  and  serious  trouble  will  arise  if  the  water  pipe  is  not 
large  enough  to  allow  another  steam  tube  to  enter  and  thaw 
out  the  first  one. 
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14S.  Fliers  are  so  well  known  as  to  require  no  illus- 
tration. They  are  used  for  quickly  holding  things  that  can- 
not be  held  by  hand.     An  8-inch  or  10-inch  size  is  popular. 

143.  A  monkey^v^rench  of  any  strong  make  is  suitable 
for  plumbers'  use.     A  10-inch  wrench  is  a  handy  size. 

144.  A  basin  wreneh  is  shown  in  Pig.  ?9.  It  is  used 
for  screwing  up  locknuts  on  the  under  side  of  a  basin  slab 


when  the  slab  is  in  place.  It  is  a  convenient  tool  for  repair 
work.  The  jaws  a,  a  are  set  against  the  lockout.  The 
loose  part  b  is  then  pushed  up  tight  and  secured  byathurab- 
screw  c  being  screwed  against  the  shank.  This  prevents^,  a 
from  spreading. 

14i5.    A  pipe  wpeneh  is  shown  in  Fig.  80.     It  is  used 
for  gripping  iron  pipes  or  other  round  bodies,  such  as  bolts, 


etc.,  and  forms  a  lever  by  which  the  workman  can  turn  the 
pipe  or  bolt  into  fittings,  etc.  The  jaws  a  and  b  of  these 
wrenches  have  teeth,  as  shown,  which  are  caused  to  grip  a 
round  body  placed  between  them,  by  turning  the  nut  c. 
The  wrench  is  turned  in  the  direction  shown  by  the  arrow. 
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and  the  more  the  force  required  to  turn  it,  the  tighter  will 
the  jaws  grip  the  body  placed  between  them.  This  form  of 
wrench,  called  a  Stlllson,  is  most  suitable  for  pipes  having 
diameters  less  than  3  inches. 

146.     The  chain  tongrs  shown  in  Fig.  81  is  generally 
used  for  pijjes  larger  than  3  inches.     This  consists  of  two 


jaws,  as  ft,  having  sharp  teeth  on  both  sides  and  (irmly 
secured  to  one  end  of  a  long  bar  of  iron  or  handle  b^  as  shown. 
Between  the  jaws  at  c  is  fastened  one  end  of  a  chain  d. 
When  the  tongs  is  to  be  applied,  the  chain  is  passed  round 
the  pipe,  as  shown,  and  its  loose  end  is  slipped  into  a  link 
socket  at  e.  The  handle  b  is  then  pulled  in  the  direction  of 
the  arrow,  which  causes  the  pipe  to  turn  with  it. 

147.    A  fMctlon  w^rench  especially  adapted  for  screw- 
ing up  nickel-plated  brass  pipe  is  shown  in  Fig.  82.     It  can 


be  handled  in  a  manner  very  similar  to  the  common  Stillson 
wrench.  It  is  made  from  forged  steel  and  is  so  formed  that 
it  cannot  crush  an  ordinary  pipe.     The  clamps  a,  a  are  made 
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in  sizes  that  exactly  grasp  the  standard  pipe,  the  market 
sizes  being  ^  inch,  f  inch,  and  1  inch  to  fit  a  10-inch  handle; 
and  1|  inches,  ]  J  inches,  and  2  inches  to  fit  an  18-inch  handle. 
One  clamp  will  grip  only  one  size  of  pipe.  This  wrench  has 
no  teeth  to  cut  into  a  pipe,  and  turns  the  pipe  by  friction 
only.     The  clamps  are  hinged  at  ^. 

148.  Pipe  vises  are  used  for  holding  a  pipe  rigid  while 
the  pipe  is  either  being  cut  or  having  a  thread  cut  on  its 

end.  A  common 
form  of  pipe  vise  is 
shown  in  Pig.  83,  in 
which  two  hardened- 
steel  jaws  u,  a'  having 
teeth  are  made  to 
grip  the  outer  surface 
of  a  pipe  placed  be- 
tween them  by  turn- 
ing the  handle  and 
thus  operating  the 
screw.  The  vise  is 
secured  to  a  work 
bench  or  some  other 
solid  support  by 
means  of  either  lag- 
screws  or  bolts  and 
nuts.  In  the  figure, 
the  vise  is  shown 
""''*'  open,    that    is,   the 

upper  frame  b  is  swung  up  around  the  center  c,  which  forms  a 
hinge.  When  it  is  to  be  used,  b  is  swung  down  and  is  secured 
by  the  pin  d.  Pipe  vises  are  made  of  malleable  iron  and 
steel,  and  the  teeth  of  both  the  pipe  vises  and  pipe  wrenches 
should  be  kept  sharp.  If  they  become  dull,  they  will  slip 
and  cut  a  furrow  around  the  pipe,  and  thereby  weaken  it; 
besides,  it  conveys  the  impression  of  bad  workmanship. 

149.  PIi»e  cutters  are  tools  used  for  cutting  wrought- 

iron  pipes.     These  cutlers  are  made  in  various  shapes  and 
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sizes.  A  very  common  form  of  pipe  cutter  is  shown  in 
Fig,  84,  which  is  called  a  three-w^heel  cutter.  In  this, 
two  knife-edge,  hardened-steel  wheels  a  and  d  are  pivoted 
to  a  malleable-iron  casting  c,  and  a  third  </  to  an  arm  e, 


which  in  turn  is  hinged  at  about  the  center  of  the  casting  c, 
as  shown.  The  other  end  of  the  casting  c  is  provided  with 
a  long  boss  and  is  tapped  out  to  receive  a  handle  _/",  so  that 
by  turning  this  handle  the  wheel  rfand  the  arra^  may  be 
caused  to  move. 

150.  Stocks  and  dies,  shown  in  Fig,  85,  are  used  for 
cutting  threads- over  the  ends  of  wrought-iron  and  brass 
pipes.  They  are  made  in  various  shapes  and  sizes.  The 
dies  shown  in  Fig.  85  (a)  and  (d),  and  also  shown  in  the  sec- 
tional view,  are  those  parts  that,  on  being  pressed  against 
the  plain  end  of  the  pipe  and  revolved  by  means  of  the 
stocks  in  which  they  are  held,  will  take  hold  and  cut  a 
V-shaped  screw  thread  over  the  end.  Dies  are  either  so/ii/ 
or  adjustable.  The  solid  die  is  generally  used  only  for  small 
pipes,  and  the  ad j  ustable  die  for  the  larger  ones.  Two  forms 
of  solid  dies  considerably  used  are  shown  in  the  illustration. 
The  die  in  Fig.  85  {a)  is  made  of  one  piece  of  tool  steel  hav- 
ing four  sets  of  cutting  edges  a,  as  shown ;  the  die  shown  in 
Fig.  85  ifi)  is  made  of  malleable  iron  except  the  teeth,  or 
chasers,  a,  which  are  of  tool  steel  and  set  in  the  malleable- 
iron  frame,  as  shown.  This  die  admits  the  renewing  of  the 
teeth,  or  chasers,  when  they  are  worn,  and  is  used  for  some- 
what larger  pipes  than  the  solid  die. 

151.  Dies  vary  in  thickness  with  the  diameter  of  pipe  to 
be  threaded,  being  thinner  for  the  smaller  pipe.  Solid  dies 
cut  the  full  depth  of  the  thread  by  one  operation,  which 
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wears  them  out  rapidly,  and  on  the  larger  sizes  of  pipes 
makes  it  very  laborious  to  cut  a  thread.  To  overcome  these 
objections,  the  adjustable,  or  split,  dies  have  been  devised. 
These  dies  are  composed  of  two  or  more  parts  so  arranged 
that  they  can  be  opened  or  closed  to  cut  a  thread  on  a  num- 
ber of  different  sizes  of  pipe,  also  to  cut  out  a  little  of  the 
thread  at  a  time  or  to  cut  a  thread  by  a  number  of  opera- 
tions instead  of  by  one,  as  does  the  solid  die. 


152.  The  die  stock  shown  in  perspective  in  Fig.  85  (c), 
and  in  section  in  (^ ),  is  that  part  which  holds  the  die  solid  and 
at  right  angles  to  the  axis  of  the  pipe  on  the  end  of  which  a 
thread  is  to  be  cut.  It  consists  of  two  iron  bars,  or  handles, 
^  and  c  screwed  into  a  malleable-iron  casting  d,  in  which  the 
die  a  is  placed,  as  shown  in  the  sectional  view.  That  part  of 
'the  casting  i/  th;it  is  slipped  over  the  end  of  the  pipe  is  sup- 
plied with  a  guide  c,  which  moves  in  a  threaded  socket,  the 
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threads  of  which  have  the  same  pitch  as  those  of  the  thread 
to  be  cut  by  the  die.     The  guide  is  provided  with  two  or 
more  setscrews,  as  f,  g,  which  when  screwed  down  on  the 
pipe  rigidly  clamp  it  and  prevent  the  guide  from  turning; 
when   the   stock  is  revolved,  they   at    the  same   time   pull 
the  die  against  the  end  of  the  pipe  on  which  the  thread  is  to 
be  cut,  and  thus  give  it  a  start  to  cut  the  thread.     It  is  evi- 
dent that  the  largest  diameter  pipe  on  which  a  thread  can  be 
cut  with  a  stock  is  one  whose  outside  diameter  is  equal  to  the 
diameter  of  the  hole  in  the  guide.     To  facilitate  the  thread- 
ing of  smaller  pipes  than  this,  a  bushing  h  is  used,  whose 
inside  diameter  is  equal  to  that  of  the 
pipe,   and   whose   outside   diameter   is 
equal  to  the  inside  diameter  of  the  guide, 
the  bushing  being  held  in  place  by  the 
setscrews  f,  g.    The  bushings  and  dies 
are  changed  according  to  the  diameter 
of  the  pipe  to  be  threaded. 

153.  Hand  stocks  tike  the  one  shown 
in  Fig.  85  are  rarely  used  for  pipes  larger 
than  2  inches.  Larger  sizes  of  pipe 
are  usually  cut  in  threading  machines, 
which  generally  work  with  a  crank. 
The  power  on  the  handle  of  the  crank 
is  multiplied  by  gear-wheels  and  the 
speed  of  the  dies  is  correspondingly 
decreased.  In  cutting  threads  on 
wrought-iron  pipes,  machine  oil  should 
be  freely  poured  on  the  pipes  at  the 
points  where  the  dies  are  cutting.  This 
cools  the  pipe  and  the  teeth  of  the  dies, 
and  also  lubricates  the  parts.  It  pre- 
vents the  pipe  from  overheating  and  ex- 
panding, and  the  dies  from  losing  their 
temper  and  becoming  soft  and  dull. 

154,  A   ratchet   stock   is   a  very 

handy  tool   for   threading   the  end  oi   a  pipe  where  it  is 
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impossible  to  swing  common  dies,  as,  for  example,  in  a 
trench,  or  in  the  corner  of  a  cellar  where  a  pipe  projects  too 
far  and  requires  to  be  cut  off  close  to  the  wall  and  threaded 
in  place.  A  ratchet  stock  is  shown  in  Fig.  86.  The  lever 
handle  a  with  the  crosshead,  when  screwed  down  tightly,  is 
used  to  hold  the  pipe  steady  between  the  jaws  ^,  6,  while 
the  die  is  turned  by  working  the  long  handle  c  backwards 
and  forwards.  After  the  thread  is  cut,  the  die  is  reversed 
by  shifting  a  pawl  i/near  the  base  of  the  long  handle,  which 
pawl  operates  the  ratchet  e. 

155.  Plumbers  are  sometimes  called  upon  to  do  a  little 
lead  burning,  but  the  demand  for  this  class  of  work  may  be  so 
small  that  they  may  not  be  warranted  in  pur- 
chasing a  special  lead-burning  machine.  In  such 
cases  it  might  be  advisable  to  do  the  lead  burn- 
ing with  an  air-and-gas  compound  blowpipe, 
which  is  convenient  also  for  other  work,  such  as 
light  brazing  operations,  ordinary  illuminating 
gas  being  used  for  the  flame.  Fig.  87  shows  the 
Walmsley  compound  blowpipe.  This  tool 
enables  plumbers  to  burn  traps,  bends,  and  the 
seams  in  small  tanks  and  sinks,  by  using  illu- 
minating gas  for  the  flame  and  Yager's  salts  for 
the  flux.  The  blowpipe  when  properly  regu- 
lated burns  with  a  non-oxidizing  flame;  the 
valve  a  gives  perfect  control  of  the  flame.  Two 
rubber  tubes  are  necessarily  attached  to  the 
blowpipe ;  the  small  one  i  is  for  air  and  the  larger 
one  £  for  gas.  The  holes  shown  in  the  side  of  the 
gas  pipe  (/are  for  admitting  air  to  the  gas  before 
it  reaches  the  mouth  of  the  blowpipe.  The  air 
pipe  f  when  adjusted  is  clamped  in  position  by 
Fio.  BT  (fjg  thumbscrew  /.     A  nipple  having  a  small 

opening  is  screwed  over  the  nose  of  the  air  pipe  at  the 
mouth  of  the  gas  pipe.  Different  sizes  of  nipples  are  pro- 
vided for  diff^erent  kinds  of  work  ami  are  interchangeable  on 
the  blowpipe.     There  are  several  sizes  of  these  blowpipes, 
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but  that  known  as  the  No,  1  hand  blowpipe  is  most  conve- 
nient for  plumbers  and  lead  burners.  The  blast  is  furnished 
by  blowing  into  the  rubber  tube  b,  which  is  placed  into  the 
mouth. 

156.  Siphon  jet  closets,  and  particularly  wash-down 
siphon  closets  without  the  jets,  are  liable  to  become  choked, 
because  of  the  crooked 

outlet  passages  in 
them.  Thesepassages 
are  often  very  much 
contracted,  and  being 
inaccessible  except 
from  the  closet  bowl 
or  irom  the  closet  out- 
let at  the  floor,  are  not 
easily  cleared.  To  re- 
move such  obstruc- 
tions, a  spiral  anger, 
shown  applied  in 
Fig.  88,  is  very  conve- 
nient. It  is  composed 
essentially  of  a  long 
spiral  spring  a,  with 
an     auger-like     point 

and  a   handle,  which,  "^ 

when  revolved,  turns  the  auger  and  works  it  down  thfough 
the  crooked  passages  of  the  closet,  as  shown  by  the  illustra- 
tion. The  rotary  movement  of  the  auger  dislodges  the 
obstruction  and  the  water  in  the  bowl  forces  it  through  into 
the  soil  pipe,  providing  the  obstruction  is  of  such  a  charac- 
ter that  it  can  be  thus  removed. 

157.  When  a  new  washer  applied  to  a  compression 
bibb,  or  valve,  does  not  make  it  water-tight,  the  valve  seat 
is  usually  found  to  be  irregularly  worn  away.  It  is  then 
necessary  to  face  the  seat  down  until  the  irregularities  dis- 
appear and  a   new,   uniform,   and  smooth  seat  is  formed. 


D.qit.zeaOvGoOt^lc 


88  PLUMBING  MATERIALS  AND  TOOLS       §  15 

A  special  tool,  known  as  a  valve  reseater,  is  used  for  this 
purpose.  It  is  constructed  with  a  bon- 
net rt,  Fig.  89,  that  may  be  screwed 
on  the  valve  after  the  valve  bonnet 
is  removed.  A  stem  b  passes  down 
through  the  center  of  the  bonnet. 
A  facing  tool  c,  shaped  as  shown, 
is  attached  to  the  end  of  the,  stem 
inside  the  valve  and  a  wheel  or  lever 
handle  is  attached  to  the  other  end. 
The  cutter  c  is  pressed  down  on 
the  valve  seat  and  revolved,  which 
causes  it  to  cut  down  the  valve  seat 
true  and  smooth.  There  are  many 
different  kinds  of  reseaters  on  the 
market.  Every  plumber's  shop  should 
contain  a  set  of  the  different  common 
pto.  9)  sizes  from  |  inch  to  2  inches. 

158.  To  facilitate  the  work  of  expanding  lead-pipe  ends, 
also  for  expanding  the  edges 
of  the  metal  around  holes 
tapped  in  lead  pipe,  etc.,  where  '• 
branches  are  to  be  wiped,  a 
special  tool,  known  as  expand- 
Idk  pllei%  may  be  used. 
Fig.  HO  (it)  shows  a  pair  of  ex- 
panding pliers.  The  conical 
end  is  pushed  into  the  holes 
and  turned  alternately  to  the 
right  and  to  the  left,  pressing 
on  the  handles  to  open  the 
conical  ends  of  the  pliers  as 
the  hole  in  the  lead  pipe  grad- 
ually becomes  larger  and  the 

collar  around  it  thus  formed.  CW  ''*■-' 

In  (b)  are  shown  three  open-  ^^°'  ** 

jngs  in  the  body  of  a  lead  bottle  trap,  expanded  with  the 
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pliers  preparatory  to  wiping  branch  pipes  into  them. 
In  (c)  is  shown  a  short  piece  of  pipe;  the  upper  end 
is  expanded  for  a  straight  joint,  and  the  hole  shown  in 
the  sides  is  expanded  for  a  branch  jt)int.  An  advantage 
of  this  tool  is  that  it  does  not  kink  or  distort  the  pipe,  like 
the  turn  pin. 
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OLASSinCATION    , 

1.  The  process  of  joining  metals  by  means  of  melting 
other  metals  having  a  lower  fusion  point  than  the  metals  to 
be  joined,  and  where  the  parts  to  be  joined  are  heated  prin- 
cipally by  either  a  copper  bit  or  a  blowpipe  flame  or  by 
some  equivalent  means,  is  called  soldering.  The  process 
of  soldering  is  divided  into  two  divisions — soft  soldering  and 
hard  soldering. 

In  soft  solderinft,  which  is  frequently  called  soldering, 
for  short,  the  solder  is  composed  of  lead  and  tin  and  is  very 
soft.  In  hard  soldering,  which  is  best  known  by  the  name 
of  brazing,  the  solder  is  quite  hard,  being  an  alloy  of  copper, 
zinc,  tin,  silver,  etc. 

%.  The  process  of  soft  soldering  is  divided  into  two 
classes,  known  respectively  a.s  copper-bit  work  and  blowpipe 
work.  In  copper-bit  work,  a  copper  bit  is  used  for  melting 
the  solder  and  heating  the  metals.  The  copper  bit,  it  may  be 
mentioned  here,  is  in  some  localities  miscalled  the  soldering 
§16 
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Iron.  In  blo^vptpe  w^ork  the  solder  is  melted,  and  the 
parts  to  be  joined  are  heated,  by  means  of  a  blowpipe  flame. 
Ill  the  copper-bit  work,  and  also  in  the  blowpipe  work,  there 
is  a  preliminary  operation  known  as  tinning,  in  which  the 
metals  to  be  united  are  properly  prepared  for  the  final  oper- 
ation of  soldering. 


OENERAL  IN9TBUCTION8 

3.  Melted  solder  exhibits  a  strong  tendency  to  adhere  to 
the  surface  of  the  ordinary  metals,  and  to  unite  solidly  with 
them  while  cooling.  However,  the  least  film  of  oxide,  or  of 
grease  or  dirt,  upon  the  surface  of  the  metal  will  usually 
prevent  the  adhesion;  therefore,  the  surface  must  be  thor- 
oughly cleaned,  or  it  must  be  coated  with  some  substance 
that  will  reduce  the  oxides  to  the  metallic  state,  or  that 
will  destroy  the  grease  and  will  deposit  a  thin  film  of  zinc 
upon  the  surface  to  be  soldered. 

The  kind  of  solder  known  as  half-and-half  is  suitable  for 
joining  lead,  copper,  brass,  zinc,  and  iron  to  metals  of  the 
same  kind,  or  for  joining  any  of  them  to  any  other  named. 
Block  tin,  however,  requires  a  more  fusible  solder.  Care 
must  be  taken  that  the  temperature  of  the  bit  is  not  high 
enough  to  melt  the  tin.     Rosin  is  the  proper  flux. 

Copper,  brass,  or  iron  not  galvanized  may  be  prepared  to 
receive  solder  by  cleaning  the  surfaces  and  applying  chloride 
of  zinc.  A  stronger  joint  is  insured  by  tinning  the  metal 
before  soldering,  in  which  case  rosin  is  the  proper  flux. 

Galvanized  iron  or  sheet  zinc  should  be  cleaned  with 
muriatic  acid  before  the  solder  is  applied.  All  metals, 
except  lead  and  tin,  should  be  tinned  previous  to  wiping. 
Lead  and  tin  only  need  to  be  shaved  clean. 

4.  The  temperature  of  the  metals  must  be  raised,  at  the 
point  where  the  solder  is  applied,  to  the  fusing  point  of 
the  solder.  In  soldering  metals  whose  temperature  of 
fusion  is  but  slightly  greater  than  that  of  the  solder  applied. 
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such  as  lead  or  tin,  care  is  necessary  to  avoid  melting  them 
and  thus  making  a  hole  where  it  is  not  wanted. 

Solder  flows  best  at  high  temperatures,  provided  the  tem- 
perature is  not  so  high  as  to  oxidize  it.  Solder  will  flow 
into  a  joint  until  it  is  chilled;  therefore,  it  will  flow  farthest 
when  it  possesses  a  large  excess  of  heat  above  that  which  is 
necessary  to  maintain  it  in  the  fluid  condition.  Soldering 
should  not  be  done  with  bits  that  are  barely  hot  enough  to 
melt  the  solder,  because  the  solder  will  unite  only  at  the 
edges  of  the  metal  and  will  not  flow  into  the  joint  properly. 

6.  The  bits  used  for  soldering  must  be  of  sufficient 
weight  to  contain  the  heat  that  is  necessary  to  heat  the 
metal  and  fuse  the  solder  during  a  reasonable  length  of 
time.  If  they  are  too  light,  the  soldering  is  apt  to  be  very 
uneven  in  quality,  and  the  bits  will  require  such  frequent 
reheating  that  they  will  be  troublesome.  If  they  are  too 
heavy,  then  the  work  of  handling  them  will  be  too  laborious. 

The  metal  to  be  soldered  may  be  heated  by  mere  contact 
with  the  hot  bit,  but  the  heating  is  done  more  effectively 
and  much  quicker  by  melting  a  little  solder  at  the  point  of 
the  bit.  This  body  of  solder  increases  the  area  of  the  con- 
tact and  conducts  heat  from  the  bit  to  the  metal  with  great 
rapidity. 

In  working  with  the  blowpipe,  the  necessary  heat  is  ap- 
plied directly  to  the  metal  by  the  flame.  The  flame  must 
be  handled  in  a  manner  that  will  avoid  overheating  or  oxi- 
dizing either  the  metal  or  the  solder. 


SOFT  SOIiDIGRING 

TINNING 

.  6.  purpose.  —  The  operation  of  ttnnlng  consists  in 
spreading  a  thin  layer  of  solder  (or  sometimes  of  pure  tin) 
upon  the  surfaces  of  other  metals  and  causing  it  to  adhere 
and  make  a  firm  metallic  union  therewith.     The  object  of 
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the  tinning  is  to  so  prepare  the  surfaces  of  the  metals  that 
they  will  readily  unite  with  the  melted  solder  that  is  apphed 
to  them  in  the  process  of  soldering  joints.  All  the  common 
metals  become  tarnished  when  exposed  to  the  atmosphere, 
and  it  is  necessary  to  remove  the  tarnished  surface  and  thus 
expose  the  bare,  clean  metal  to  the  influence  of  the  solder; 
otherwise  the  solder  will  not,  under  ordinary  circumstances, 
adhere  to  the  metal. 

7.    Tlnntng  a  Copper  Bit. — Copper  bits  must  be  tinned 
before  they  can  be  used  for  soldering  purposes.     To  do  this, 
heat     the    bit   until    it 
melts    solder    (but   not 
red  hot),  then  lay  it  on 
a  brick  or  other  suitable 
material  and  file  one  of 
the  flat  sides  at  the  point 
to   a  distance  of    about 
1    inch.       When     thor- 
oughly   clean,    rub   the 
filed  surface  on  a  piece 
of    strap    solder   over 
which    some   pulverized 
rosin  has  previously  been 
sprinkled.     The  hot  copper  will  quickly  melt  the  rosin,  the 
fumes  of  which   prevent  the  copper  from  tarnishing  before 
the  solder  melts.     The  rosin  also  facilitates  the  adhesion  of 
the  solder  to  the  cleaned    copper.     Now  clean  and  tin  one 
of  the   sides   adjoining    that   already  tinned,   as   shown  in 
Fig.  1;    the  bit   is  then  ready  for  use.     If  the   bit   is   red 
hot,  it  will  oxidize  the  instant  that  the  file  leaves  it,  and 
no  tinning  can  be  done  with  rosin   for  a   flux.     Rosin   is 
the  best  flux  for  tinning  bits  for  plumbers'  use, 

A  quick  and  convenient  way  of  tinning  a  bit  that  is  to  be 
used  for  soldering  other  metals  than  lead,  or  tinning  sur- 
faces that  must  be  joined  with  wiping  solder,  is  to  rub  it, 
while  hot,  upon  a  block  of  sal  ammoniac  having  a  few  drops  of 
solder  spattered  over  its  surface.     The  sal  ammoniac  reduce.s 
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the  oxide,  and  the  clean  copper  seizes  the  solder  instantly  on 
coming  in  contact  with  it. 

Another  quick  way,  which  is  particularly  adapted  for 
bench  work,  and  which  is  quite  popular  with  cornice  makers 
and  tinsmiths,  is  to  dip  the  point  of  the  bit,  while  hot,  in  a 
saturated  solution  of  sal  ammoniac  and  water  before  rubbing 
it  on  the  solder.  This,  however,  tins  all  four  sides,  which 
is  not  always  desirable. 

When  a  bit  is  overheated,  the  coating  of  solder,  or  the 
tinning,  as  it  is  called,  is  reduced  to  a  yellow  powder  and 
is  destroyed.  The  tinning  must  be  restored  before  the  bit 
can  be  again  used. 

8.  Tinning  Bolder  Nipples. — Solder  nipples  are  made 
of  brass;  they  must  be  tinned  before  they  can  be  properly 
soldered  to  lead  pipes.  In  order  to  hold  the  nipple  during 
tinning,  a  block  of  wood  a  is  whittled  down  at  one  end, 
and  driven  into  the  threaded  end  of  the  nipple,  as  shown 
in   Fig,   %.     The   plain   end  is  then  filed    perfectly  clean, 


all  the  outer  surface  being  filed  off  to  a  suitable  distance, 
which  for  wiping  purposes  is  usually  from  I  inch  to  1 J  Inches. 
The  cleaned  surface  is  then  rubbed  with  pulverized  rosin, 
and  the  nipple  is  painted  with  black  soil,  as  shown.  The 
cleanlDK  b  is  now  ready  to  be  tinned.  The  heated  copper 
bit  is  then  used  to  melt  a  little  solder  off  the  strap  of  solder 
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1  to  the  cleaning.     The  tinned  part  of  the  bit  is  next  laid 
/er  the  drop  of  solder,   which  melts  and  adheres  to  tha 


cleaning,  as  shown  in  Fig,  3.  By  working  the  bit  over  the 
cleaned  surface,  the  solder  is  made  to  adhere  to  the  entire 
cleaning.  If  it  does  not  adhere  freely,  a  sprinkling  of  rosin 
will  help  it  to  flow.  Care  must  he  taken  to  leave  no  part 
of  the  cleaning  untinned.  If  the  tinning  is  done  properly, 
the  cleaning  will  be  covered  with  a  thin,  uniform,  and 
bright  coating  of  solder.  The  nipple  is  now  ready  to  be 
soldered  to  a  pipe. 

9,    Tinning  Spuds. — Spuds  are  tinned  similar  to  nipples. 


the  only  difference  being  that  the  tinning  ends  at  the  edge  a. 
Fig.  4,  instead  of  on  the  small  shank  b.     This  enables  the 
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plumber  to  wipe  the  joint  easily  and  prevents  the  joint  from 
being  weak  by  a  lack  of  solder  at  the  place  where  it  should 
be  strongest. 

10.  Tinning  Brass  Ferrules. — Brass  ferrules  are  filed 
and  tinned  the  same  as  solder  nipples,  except  that  the 
edge  a,  Fig.  5,  and  inner  surface  6,  which  extends  inside  the 
ferrule  about  ^  inch,  are  tinned  as  well  as  the  outside  clean- 
ing £.  All  cast-brass  ferrules  are  liable  to  have  blowholes  in 
them.  It  is  advisable,  therefore,  to  examine  for  blowholes 
and  solder  them  while  tinning  the  ferrules. 

11.  Ttnulug  Ground  Key  Cocks.—Ground  key  cocks 
are  tinned  with  the  keys 
left  in,  since  it  has  been 
found,  by  practical  experi- 
ence, that  if  the  tinning 
is  done  with  the  key  re- 
moved, the  heat  to  which 
the  body  is  subjected  dur- 
ing tinning  will  cause  the 
body  to  warp  and  remain 
warped  when  cooled.  This 
destroys  the  ground  fit  be- 
tween the  key  and  body, 
and  consequently  the  cock 
will  leak  in  service.  The 
parts   that    are    not   to   be 

tinned   are   painted  with   black   soil,  as  shown  in   Fig'.  6. 

12.  Tluning  Compression  Coclcs. — Compression  cocks 

usually  have  rubber  washers 
and  packings.  To  prevent  these 
being  injured  by  the  heat,  it  is 
advisable  to  remove  the  bonnet, 
alve  stem,  etc.  during  tinning, 
J  when  the  cock  will  appear  as 
shown  in  Fig.  7. 
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13.  Tinning  a  Bent  Coupling. — Bent  couplings  are 
rather  awkward  to  tin.  The  stick  a, 
Fig.  8,  must  be  cut  to  fit  snugly, 
because  it  cannot  be  driven  in  far. 
The  coupling  ring  6  must  be  tied  up 
to.  the  stick,  or  otherwise  secured  to 
prevent  its  slipping  down  or  working 
toward  the  cleaning  while  the  joint 
is  being  wiped.  A  good  plan  for 
securing  the  ring  is  to  pack  thin 
paper  in  between  the  ring  and  the 
stick,  as  shown  at  c. 

14.  Tinning  Sheet  Copper. — 
Sheet  copper  usually  requires  to  have 
its  edges  tinned  before  they  are  bent 
up  for  lock  seams.  This  is  best 
accomplished  by  laying  the  sheet  on 
an  inclined  plane  surface  and  tinning  the  edges  by  working 
from  the  top  down,  as  shown  in  Fig.  9.     If  the  sheets  are 


new  and  moderately  clean,  the  edges  will  not  require  to  be 
scraped,  and  can  then  be  tinned  with  chloride  of  zinc  as  a 
flux;  if  they  are  much  tarnished,  they  must  be  scraped 
clean  before  the  flux  is  applied. 


D.qit.zeaOvGoOt^lc 


§  16  SOLDERING  AND  WIPING  9 

15.  Precaations. — In  tinning  metals,  great  care  should 
be  taken  to  give  the  tinning  a  uniform  thickness  and  have  it 
free  from  imperfections.  Small  lumps  or  ridges  of  solder  in 
the  tinning  coat  will  interfere  with  the  proper  closing  of 
joints  and  seams,  and  care  must  always  be  taken  to  remove 
them.  Any  superfluous  solder  can  be  shaken  off  or  wiped 
oft  with  clean  waste  or  a  clean  cloth. 

16.  Dip  Tiunlng. — Many  articles  can  be  tinned  all  over 
after  they  have  been  cleaned  and  coated  with  a  flux  by  dip- 
ping them  into  melted  solder.  This  process  is  known  as  dip 
tinning.  It  is  bad  practice  to  dip  brass  into  a  pot  of  molten 
solder  thit  is  to  be  used  for  wiping  purposes,  because  some 
of  the  zinc  (of  which  the  brass  is  partly  composed)  will  melt 
out  and  alloy  with  the  solder,  and  will  spoil  it. 

Articles  that  are  composed  wholly  of  copper  may  be  dipped 
in  the  solder  pot  without  injury  to  the  solder,  provided  they 
are  perfectly  clean  and  free  from  filings,  etc. 

Iron  articles  may  be  tinned  by  thoroughly  cleaning  the 
surfaces  and  treating  them  with  chloride  of  zinc  or  sal 
ammoniac  before  the  solder  is  applied. 

17.  Soiling. — The  object  of  soiling  is  to  prevent  the 
solder  flowing  upon  those  surfaces  that  are  protected  by  it, 
or  from  adhering  to  them.  It  thus  enables  the  workman  to 
keep  the  solder  within  proper  limits  and  to  produce  clean, 
nice-looking  work,  free  from  all  unsightly  splashes  or 
irregularities. 

For  work  that  is  to  be  done  with  the  bit  or  with  the  blow- 
pipe, a  width  of  soiling  from  4  to  1  inch  is  usually  enough. 

The  solder  should  not  be  applied  until  the  soiling  is  dry. 
In  fair  weather  it  will  dry  quickly;  but  if  it  dries  too  slowly, 
the  drying  may  be  hastened  by  applying  a  moderate  heat. 
Strong  heat  will  spoil  it. 

SOFT  »OL1>EBINO  SEAMS  AND  JOINTS 

18.  Kinds  of  tk^-ams  ami  Jolnta, — The  soldering  done 
with  the  copper  bit  is  principally  on^ai  and  locked  seams  ;  on 
bead,  or  floated,  seams  ;  on  eup  joints  ;  and  on  overcast  joints. 
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The  flat  seam,  which  is  also  called  lap  seam,  is  used  only 
for  joining  thin  sheets  of  tin  (tinned  sheet  iron),  copper,  or 
zinc.  In  this  seam  one  plate  simply  laps  over  the  other  and 
the  two  plates  are  soldered  together  in  this  form.  It  is  not 
suitable  for  work  requiring  a  strong  seam.  The  lock  seam 
is  made  by  doubling  over  an  edge  of  each  sheet  and  hooking 
the  sheets  together.  In  the  bead  seam,  which  can  only  be 
used  for  comparatively  thick  pieces  of  metal,  the  edges  to 
be  joined  are  beveled  and  butted  together,  thus  leaving  a 
V-shaped  space  that  is  filled  with  solder  applied  drop  by  drop. 
The  solder  is  afterwards  given  a  smooth  finish  by  melting  it 
with  the  bit  and  drawing  the  latter  slowly  along  the  seam, 
thus  causing  the  solder  to  flow.  The  term  fiow  has  been 
corrupted  to  float  by  mechanics,  and  this  corruption  has 
caused  the  seam  to  be  known  as  a  floated  seam.  The  cap 
joint  and  the  overcast  Joint  are  used  in  joining  pipes  and 
similar  objects  by  soldering. 

19.  SolderlniT  a  Lock  Seam. — A  completed  lock  seam 
is  shown,  in  section,  in  Fig.  10  (a).     When  starting  to  make 


the  seam,  all  ctf  those  surfaces  that  come  into  contact  in  the 
inside  of  the  seam  must  be  thoroughly  cleaned  before  the 
folding  is  done.  When  the  metal  is  tinned  upon  one  side, 
as  in  the  case  of  tinned  copper,  the  folds  are  turned  so  that 
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the  tinned  surfaces  will  face  each  other.  If  the  copper  is 
without  tinning,  it  is  advisable,  although  not  strictly  neces- 
sary, to  tin  the  surfaces  that  will  come  inside  of  the  seam. 
The  solder  will  flow  easier,  and  there  is  more  certainty  of 
securing  a  perfect  joint  throughout  the  entire  seam  than 
without  it.  After  the  sheets  have  been  secured  in  place,  so 
that  they  cannot  shift  or  get  out  of  place  while  soldering, 
the  seam  should  be  closed  with  the  mallet.  A  proper  flux 
is  then  applied,  and  the  hot  soldering  bit  a  is  held  against 
the  head  of  the  seam,  as  shown  in  Fig.  10  (b).  The  point 
rests  upon  the  seam,  and  a  little  solder  is  melted  from  the 
bar  b,  and  flowed  to  the  point  of  the  bit.  As  soon  as  the 
metal  becomes  hot  enough,  the  solder  will  srveat,  i.  e.,  run 
freely,  into  the  interior  of  the  seam;  the  manner  of  its  dis- 
appearance, or  soaking,  into  the  seam  will  indicate  to  the 
experienced  eye  whether  or  not  the  work  is  being  properly 
performed. 

When  the  temperature  of  the  bit  falls  to  nearly  the  fusing 
point  of  the  solder,  that  is,  when  the  bit  is  too  cold,  the 
solder  will  not  flow  into  the  interior  of  the  seam,  but  will 
adhere  at  the  edges  only.  The  result  is  called  skin  solder- 
Ins;  this  should  always  be  avoided.  Cold  bits  should  not 
be  worked  back  and  forth  over  the  seam.  If  the  interior  is 
poorly  soldered,  nothing  but  a  hot  bit  will  cause  the  solder 
to  flow  and  spread  properly. 

30.  Soldering  Vertical  Seams. — Vertical  seams  are 
very  diflicult  for  a  beginner  to  solder  properly,  as  owing  to 
want  of  practice  the  solder  falls  down  otf  the  seam  and  it 
appears  almost  impossible  for  him  to  make  the  solder  soak 
in.  Vertical  seams  should  be  avoided  as  much  as  possible. 
They  are  likely  to  be  skin-soldered,  or  skinned,  as  it  is 
often  called  for  short,  in  spite  of  all  care  bestowed  upon 
them.  If  any  vertical  seam  must  be  soldered  in  place,  the 
following  is  one  of  the  best  methods  of  procedure:  First 
solder  the  flat  seam  thoroughly;  then  commence  at  the 
vertical  seam  and  work  upwards.  Melt  off  some  solder  on 
the   point   of  a  very  hot   and  well-tinned  bit.     Press  this 
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against  the  seam,  having  the  handle  of  the  copper  bit  point- 
ing upwards.  When  the  seam  has  become  so  hot  that  the 
solder  is  about  to  leave 
the  bit  and  run  down, 
remove  the  bit  in- 
stantly, thus  allowing 
the  solder  to'  set.  Re- 
peat this  operation  drop 
by  drop.  The  seam,  if 
properly  soldered, 
should  resemble  that 
shown  at  a.  Fig.  11. 
This  figure  also  shows 
the  position  of  the  bit  d 
and  the  way  in  which 
it  is  fed  by  the  solder 
stick  c.  An  incompe- 
tent mechanic  will  in- 
variably allow  the  sol- 
der drops  to  fall  and 
accumulate  at  d,  when 
^°-  "  the  vertical  seam  will  be 

skinned  and  very  weak.  To  make  a  strong  vertical  seam, 
it  is  necessary  to  leave  a  body  of  solder  on  it,  as  shown, 

21.  Soldering  a  Flat  Bead  Seam. — When  two  com- 
paratively thick  sheets  of  metal,  as  sheet  lead,  are  to 
be  joined,  a  bead  seam  is  generally  made,  as  shown  : 
Fig.  13.  The  edges 
of  the  sheets  a,  a  are 
straightened  by  rasp- 
ing or  planing,  and 
are  afterwards  bev- 
eled with  the  shave 
hook,  so   that   when  ''"'■  '* 

the  sheets  are  laid  as  shown,  a  V  groove  exists  between 
them.  The  angle  of  this  groove  should  be  sufficient  to  per- 
mit the  edge  of  the  hatchet  bit  to  penetrate  nearly  to  the 


;ani    is    generally    maae,    as  snown   in 
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bottom  of  it.  Soil  is  then  applied  in  a  strip  about  ^  inch 
wide  along  both  edges,  and  on  the  top  and  bottom  sides  of 
the  sheets,  as  shown  at  b,  b,  and  this  should  be  dried  before 
proceeding  to  solder.  The  joint  should  be  laid  upon  a 
board ;  if  it  rests  on  a  metal  surface,  the  heat  will  be  con- 
ducted away,  or  robbed,  as  it  is  called,  from  the  edges  to 
be  joined,  so  rapidly  that  good  soldering  cannot  be  done. 
If  the  work  must  be  done  on  a  metal  surface,  lay  two  or 
three  layers  of  thick  paper  under  the  seam. 

After   the   sheets  are  securely  fastened  in   position,  the 
edges  of  the  joint  may  be  tacked  together  with  a  drop  of 


FIO.  18 

solder  at  intervals  of  3  or  6  inches.  The  hatchet  bit,  shown 
enlarged  in  Fig.  13  (a),  must  be  well  tinned  upon  the  sides, 
as  at  a.  Solder  is  fed  to  the  seam  by  rubbing  the  end  of  a 
bar  (^against  the  tinned  side  of  the  bit,  as  shown  in  Fig.  13  (^). 
The  groove  is  filled  with  solder  during  the  first  operation, 
and  the  floating  or  smoothing  and  finishing,  is  performed 
afterwards  as  a  second  operation. 

SS.  As  there  is  only  a  comparatively  small  margin  of 
difference  in  the  melting  points  of  the  solder  and  the  lead, 
great  care  must  be  taken  to  regulate  the  temperature  of  the 
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bit  and  avoid  burning  holes  in  the  lead.  If  the  bit  is  too 
hot,  the  work  must  be  touched  very  lightly  and  the  solder 
must  be  fed  very  rapidly,  but  as  it  reaches  the  lower  limit 
of  heat  it  may  be  allowed  to  bear  its  weight  upon  the  seam 
and  to  proceed  slowly.  The  seam  should  be  filled  uniformly 
with  solder  throughout  its  length.  Then,  while  it  is  still 
warm,  proceed  to  float  it.  Sprinkle  it  with  rosin,  then 
take  the  hatchet  bit,  sink  it  into  the  seam  and  draw  it  along 
slowly  and  steadily  at  a  speed  varying  with  the  heat  of  the 
bit.  This  floating  operation  levels  off  the  solder,  and  should 
leave  a  smooth  and  shining  beaded  seam,  as  shown  at  c. 
Fig.  12. 

S3.  Soldering  a  Circular  Bead  Seam. — Lead  pipe  is 
often  joined  by  means  of  a  bead  seam.  The  ends  are 
beveled  and  are  butted  solidly  together,  care  being  taken 
that  no  crevice  exists  between  the  ends  through  which 
solder  can  run  into  the  interior  of  the  pipe.  The  parts  are 
then  tacked  in  position,  and  the  groove  is  filled  with  solder. 


as  shown  in  Fig.  14.  The  floating  is  done  while  the  pipe  is 
slowly  turned.  If  the  joint  is  not  carefully  fitted,  or  if  it  is 
burned,  the  solder  is  liable  to  flow  inside,  as  shown  at  a,  and 
will  soon  be  the  cause  of  a  chokage  in  the  pipe,  should  it  be 
used  as  a  waste  pipe. 

%\,  The  Clip  Joint,  shown  in  Fig.  15,  is  a  cheap  form  of 
joint  for  lead  pij>es.  It  is  suitable  only  for  light  pipe  that 
is  subjected  to  little  orno  pressure. 

One  end  of  the  pipe  is  cupped  with  the  turn  pin,  as  shown 
at  a.  Fig.  15  («),  and  the  other  end  b  is  shaved  and  beveled 
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to  fit  a.  The  fitting  must  be  carefully  done,  so  that  no 
crevice  exists  between  the  ends  by  which  solder  may  run 
through  to  the  interior  of  the  pipe.  The  beveled  end  must 
be  cleaned  to  at  least  J  inch  above  the  edge  of  the  cup  a, 
and  soil  should  be  applied  to  about  i  inch  above  the  cleaned 


surface.  Sprinkle  powdered  rosin  in  the  cup,  and  pro- 
ceed to  fill  the  cup  with  solder,  being  careful  to  avoid 
burning  either  the  side  of  the  pipe  or  the  edge  of  the 
cup.  Fill  the  cup  a  little  more  than  full  of  solder,  sprinkle 
a  little  more  rosin  upon  it.  and  then  float  it  hy  means  of 
a  long  pointed  bit  f.  Fig.  15  (d),  as  shown.  Sink  the  point 
deep  into  the  solder,  and  move  it  slowly  around  the  cup. 
The  solder  should  be  left  smooth,  bright,  and  curved,  as 
shown  at  d. 
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25,  Fig.  16  shows  a  bad  job.  The  fit  between  the  ends 
was  so  bad  that  solder  ran  through  the  joint  and  formed 
beads  and  sharp-pointed 
drops,  sometimes  called 
soldiers,  on  the  inside  of 
the  pipe.  These  catch 
lint,  hair,  etc.,  and  thus 
choke  the  pipe.  By  bear- 
ing against  the  side  of 
the  pipe  with  the  hot  bit, 
a  hole  has  been  burned 
through  at  a  and  nearly 
through  at  b,  while  the 
edge  of  the  cup  has  been 
burned  at  c. 

26.      Soldering       an 
Overcast    Joint.  —  The 

overcast  joint,  shown  in 
'"""  '*  Fig.    17,    is    commonly 

used  to  connect  a  lead  pipe  to  a  very  short  and  small  nipple 
or  half  coupling  a,  as  shown.  The  lead  pipe  b  is  beveled  at 
the  end,  and  is  closely 
fitted  to  the  brass 
nipple.  The  solder  is 
first  applied  near  c, 
and  is  floated  by 
moving  the  bit  from 
c  toward  d,  thereby 
overcasting  the  metal 
upon  the   lead   pipe.  " 

The  outer  surface  of  the  solder  will  be  more  or  less  rough, 
according  to  the  skill  with  which  the  bit  is  handled.  Care 
must  be  taken  to  thoroughly  tin  the  metals  to  be  joined 
before  applying  the  solder. 

27.     Closing  £nds. — When  the  end  of  a  lead  water  pipo 
subject  to  low  pressure  (about  50  pounds  per  square  inch  or 
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less)  must  be  closed  water-tight,  it  is  customary  to  ham- 
mer the  end  flat  and  solder  the  edge,  as  shown  m  Fig,  18. 
This,  however,  appears  rough  and  should  not  be  used  on 
exposed  work.  If  used  on  high-pressure  work,  the  flattened 
surfaces  will  bulge  out;  the  end  will  thus  crack  and  leak. 


Tia.  19  Fio.  a 


A  better  plan  is  to  scrape  the  inner  surface  of  the  pipe  a 
distance  equal  to  about  its  own  diameter  and  to  push  a  tissue- 
paper  plug  a,  Fig.  19,  into  the  pipe ;  next,  sprinkle  some  rosin 
in  the  end,  and  then  fill  it  up  with  solder  and  sweat  it  thor- 
oughly with  the  copper  bit  until  feeling  assured  that  the 
solder  adheres  to  the  cleaning  all  the  way  down  to  the  paper. 

38.  The  best  way  to  close  the  end  of  a  water  pipe  is 
shown  in  Fig.  30.  The  end  is  first  squared  with  the  rasp, 
and  then  hammered  in  to  form  a  hemisphere.  A  hole, 
however,  exists  at  the  center,  which  when  soldered  over,  as 
shown  at  a,  makes  the  end  water-tight. 


89.     Closet  bends  and  otiier  large  lead  waste  pipes  that 
project  through  the  floors  of  a  building  before  the  fixtures 
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are  set,  can  have  tlieir  ends  closed,  as  shown  in  Fig.  21,  by 

a  flat  disk  a  soldered  over  the  opening.  This  keeps  dirt  out 
of  the  pipes  and  pre- 
pares the  ends  for  the 
usual  water  test.  But 
as  a  flat  end  on  a  4-inch 
pipe  will  not  resist  a 
heavy  pressure,  it  is 
advisable  to  taper  the 
end  of  the  bend  with 
the  dresser,  as  at  a. 
Fig.  22,  and  then  solder 
the  point  before  secur- 
ing the  pipe  in  place, 
when  it  is  known  that 

a  heavy  pressure  test  is  to  be  applied.     This  end  is  stronger 

than  the  pipe  itself. 

30.    Solderinsr  Lead  Tacks  to  Pipes. — Lead  tacks  are 
soldered  with  the  copper  bit  to  the  back  of  lead  pipes,  as 


shown  in  Fig.  23.    The  pipe  is  shaved  (scraped  with  the  shave 
hook)  at  the  parts  a,  a,  and   the  grooves  formed  when  the 
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tack  d  is  placed  in  position  are  filled  with  solder  and  thor- 
oughly sweated.  In  soldering  on  pipe  tacks,  it  is  necessary 
to  hold  the  bit  on  the  pipe  rather  than  on  the  tack,  in  order 
to  heat  the  pipe  properly.  If  this  is  not  done,  the  solder 
will  not  adhere  strongly  to  the  cleaning  of  the  pipe  and  the 
tacks  will  break  away  at  this  place.  Tacks  must  be  thor- 
oughly sweated  to  the  pipe,  or  they  are  useless. 


31.    Bepalrliiir  Frost  BnrstB. — In  very  cold  weather, 
the  water  contained  in  lead  pipes  will  often  freeze  and  burst 
the  pipes.      The   best 
method  of  making  the 
pipe   serviceable  again 
is  to  cut  out  the  burst   i 
portion  and  fit  in  a  new 
piece  of  pipe.     But  in 
the  rush  of  work  that 
often  accompanies  se- 
verely   cold    weather, 

it  is  frequently  necessary  to  make  temporary  repairs.  A 
section  through  a  ftroBt  buist  is  shown  in  Pig.  %i  {a).  To 
repair  it,  the  metal  around  the  burst  is  hammered  in  to 
close  the  opening.  The  pipe  is  soiled  as  far  as  necessary 
and  shaved  to  a  distance  of  at  least  ^  inch  all  around  the 
split;  it  is  then  sprinkled  with  rosin.  The  cleaning  is  now 
thoroughly  tinned  and  finally  soldered  over,  leaving  on  a 
heavy  body  of  solder,  as  at  a.  Fig.  24  (*),  to  strengthen  the 
pipe  against  the  pressure.  A  section  through  the  soldered 
portion  is  shown  in  Fig.  Hi  (c). 


3!3>  Blowpipe  Solderinjf. — Blowpipe  soldering  is  done 
chiefly  on  small  tubing  and  other  small  articles.  The  tube 
is  prepared  in  the  same  manner  as  a  cup  joint.  The  solder 
is  applied  by  holding  a  thin  strip  of  it  in  the  flame  close  to 
the  joint,  so  that  the  molten  part  will  fall  into  the  cup. 
When  the  cup  is  full  of  solder,  it  is  sweated  by  heating  the 
joint  all  around,  and  causing  the  solder  to  flow,  which  makes 
a  clean  and  strong  joint. 
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In  Fig.  35  is  shown  the  manner  of  making  a  blowpipe 

joint,  in  which  a  is  the  blowpipe  blown  by  the  mouth,  d  an 

alcohol  lamp,   and  c 

the  pipe  in  which  the 

joint  is  to  be  made. 

By    means   of    the 

blowpipe,  the  alcohol 

flame     </    is     blown 

against   the   sides  of 

the    pipe   as  shown. 

To   obtain   the   best 

results,  the  blowpipe 

should  be  held  in  such 

'"■  a   position    that    the 

portion  e  of  the  flame  d  when  blown  against  the  pipe  will  be 

noiseless.     The  wind  pressure  should  be  steady  and  its  point 

of  application  to  the  flame  should  be  constant.     This  manner 

of  soldering  is  best  adapted  for  thin  tubes  of  block  tin  or 

tin  alloys  whose  temperature  of  fusion  is  low,  as  the  heat 

can  be  applied  to  the  pipe  or  to  the  solder  at  will.    The  pipe 

can  be  uniformly  heated   to  the  fusion  point  of  the  solder 

with  little  danger  of  burning  it.     Care  must  be  taken  to 

keep  the  flame  shifting  about  so  as  to  avoid  too  much  heat 

at  one  spot,  as  otherwise  ugly  holes  are  apt  to  result, 

TABLE    I 

MBLTINa   POINTS   OF  MBTALS 


Metal 

Tempera- 
ture. 
Degrees  F. 

Metal 

Tempera- 
Degrees  F. 

2,192 

1,800 
1,900 

Lead   

636 

S05 
446 

Antimony 

Sulphur 

328 
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33<  Melting  Points  or  Uetals. — The  average  temper- 
atures at  which  different  metals  melt,  which  temperatures 
are  said  to  be  the  melting:  points  and  also  the  fusing 
points,  are  given  in  Table  I.  The  fusing  point  varies  with 
the  purity  of  the  metal,  and  the  fusing  points  of  alloys  vary 
according  to  their  composition. 


TOOLS  AND  SUPPLIES 

34.  Brazing  is  a  process  of  joining  two  or  more  metals 
by  a  solder  known  as  hard  solder,  whose  temperature  of 
fusion  is  much  higher  than  that  of  soft  solders,  and  whose 
tenacity  is  greater.  Hard  solders  are  composed  of  alloys  of 
copper,  zinc,  tin,  silver,  etc.  Only  those  metals  whose  tem- 
perature of  fusion  exceeds  that  of  hard  solders,  such  as  iron, 
copper,  and  brass,  can  be  brazed.  In  this  class  of  soldering 
the  temperature  required  to  fuse  the  solder  is  so  high  that 
soldering  bits  cannot  be  used. 

35.  The  heat  is  usually  applied  to  the  parts  to  be  brazed 
by  means  of  an  intensely  hot  blowpipe  flame. 

Small  articles  may  be  brazed  with  a  mouth  blowpipe,  but 
the  sizes  of  pipe  usually  handled  by  plumbers  require  a  com- 
pound blowpipe,  which  uses  common  illuminating  gas  for 
fuel  and  is  blown  by  a  blast  of  air  from  a  bellows.  Larger 
jobs,  having  a  considerable  weight  of  metal  to  be  heated, 
are  executed  in  a  forge  fire.  For  brazing  collars,  etc.  upon 
2-  or  3-inch  tubing,  the  fire  is  arched  over  with  coke,  thus 
making  a  hot  chamber  in  which  the  work  may  be  uniformly 
heated. 

36.  In  Pig.  26  is  shown  a  very  convenient  form  of 
blovrplpe  to  be  used  in  connection  with  a  bellows.  This  is 
composed  of  a  gas  pipe  a  having  a  lever-handle  controlling 
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cock  attached;  an  air  or  blast  pipe  ii,  also  having  a  lever- 
handle  controlling  cock  attached;  and  an  iron-pipe  nozzle  c 
joined  by  a  special  casting  to  the  pipes  a  and  b. 


37.     In  Fig,  %1  is  shown  a  form  of  blower  suitable  for 
supplying  air  to  the  blowpipe.     It  is  composed  of  a  single- 
acting   bellows    having    an 
air  inlet  check-valve  in  the 
bellows,  situated  on  the  in- 
side of  the  bottom  board  <z, 
and  another  on  the   upper 
side  of  the  pressure  board  b 
and  within  the  rubber  stor- 
age bag  c,  which  is  enclosed 
'  by  a  network  to  prevent  its 
being  inflated  too  much. 
The  bellows  are  operated 
^^"•^  as  follows:    The  top  board, 

which  is  hinged  at  the  lower  end  and  supported  by  a  spring 
within  the  bellows,  on  being  pushed  down  with  the  foot  com- 
presses the  air  within  the  bellows  and  forces  a  portion  of  it 
through  the  upper  check-valve  into  the  rubber  bag.  When 
the  weight  of  the  foot  is  relieved  from  the  pressure  board, 
the  bellows  will  be  again  filled  with  air  by  the  spring 
raising  the  pressure  board.  The  pressure  of  the  foot  of  the 
workman,  being  repeatedly  applied  to  the  pressure  board, 
will  in  this  manner  fill  the  rubber  bag  with  compressed  air, 
which  flows  to  the  blowpipe  through  the  rubber  tube  d  when 
the  air  cock  at  the  blowpipe  is  open.  The  elasticity  of  the 
rubber  bag  serves  to  equalize  the  pressure  of  the  blast. 
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This  form  of  blower  is  capable  of  furnishing  a  strong  and 
nearly  continuous  blast  through  a  jet  |  inch  in  diameter. 

38.  The  blowpipe  should  be  connected  by  rubber  tubing 
to  a  gas  burner  or  other  supply  and  to  the  blower,  care 
being  taken  that  the  bore  of  the  tubing  is  large  enough  to 
avoid  excessive  friction. 

Air  is  mixed  with  the  gas  before  it  is  consumed  for 
several  reasons,  but  chiefly  because  an  all-gas  flame  is  low  in 
temperature  and  gives  off  products  of  combustion  that  not 
only  tarnish  the  metal,  but  also  cover  it  with  a  coating  that 
separates  the  flame  from  the  metal  being  heated. 

The  gas  should  be  turned  on  first  and  should  be  lit  at  the 
jet;  air  is  then  admitted  gradually  until  the  flame  is  brought 
to  the  proper  size  and  color.  If  too  much  gas  is  admitted, 
the  flame  will  be  yellow  and  will  blacken  the  work  by  deposit- 
ing a  film  of  carbon  upon  it.  If  too  much  air  is  admitted, 
the  flame  will  be  short,  ragged,  and  noisy  and  the  tempera- 
ture will  be  too  low  to  properly  heat  the  metal.  The 
flame  is  at  its  greatest  heat  and  best  condition  when  it  burns 
with  a  pale-blue  or  bluish-green  color,  without  any  white  or 
yellow  parts. 

THB  OPERATION  OP  BRAZING 

39.  The  article  to  be  brazed  must  be  well  supported, 
and  the  seam  should  be  well  bound  together  with  iron  wire 
to  prevent  the  edges  warping  out  of  place  when  heated. 
Spelter  or  hard  solder  is  placed  over  the  seam  in  such  a 
manner  that  when  it  fuses  it  will  flow,  by  gravity,  into  the 
seam.  Powdered  borax  is  then  sprinkled  over  the  seam  for 
a  flux,  and  the  blowpipe  flame  is  applied  chiefly  upon  the 
thick  parts  of  the  metal  at  first,  the  idea  being  to  heat  the 
mass  uniformly  to  the   temperature  of  fusion  of  the  spelter. 

The  heat  of  the  metal  is  then  increased,  care  being  taken 
to  avoid  giving  much  more  heat  to  the  spelter,  otherwise  it 
may  be  burned  or  spoiled.  As  soon  as  the  metal  is  hot 
enough,  the  borax  will  fuse  and  flow  over  the  parts;  and  as 
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the  heat  rises  a  little  higher,  the  spelter  will  melt  and 
flow  into  the  crevice  and  adhere  to  the  faces  of  the  joint. 
The  spelter  will  sweat  into  a  crevice  for  a  considerable  dis- 
tance, if  the  metal  is  clean  and  is  hot  enough. 

40.  The  melting  point  of  the  spelter  and  of  the  metal  to 
which  it  is  applied  may  not  differ  more  than  300°  or  iOO"; 
consequently,  great  care  must  be  exercised  to  avoid  over- 
heating the  metal.  The  heat  must  be  applied  uniformly, 
otherwise  the  work  is  liable  to  warp;  and  if  the  flame  is 
directed  upon  one  spot  too  long,  a  hole  is  likely  to  be  burned 
at  that  point.  When  brazing  metals  that  have  a  low  melt- 
ing point,  the  blowpipe  flame  should  be  promptly  with- 
drawn as  soon  as  the  spelter  flows. 

Sometimes  the  composition  of  brass  tubing  and  sheet  brass 
is  so  uneven,  or  they  are  so  contaminated  by  chemical 
impurities,  that  brazing  cannot  be  satisfactorily  performed 
upon  them.  Such  material  may  be  used,  however,  for  jobs 
that  require  only  soft  soldering. 

Brass  tubing  is  very  brittle  when  hot;  consequently,  it 
should  not  be  moved  until  it  has  cooled.  The  process  of 
brazing  softens  the  parts  that  are  heated,  and  these  do  not 
return  to  their  original  hardness  on  cooling. 

41.  Small  articles  may  be  heated  in  a  charcoal  Are  with- 
out the  blowpipe.  A  blast  may  be  used  to  urge  the  fire,  if 
needed.  Large  or  heavy  jobs  may  be  heated  in  a  forge  fire, 
for  which  clean  coke  free  from  sulphur  is  commonly  used. 
To  braze  successfully,  three  things  are  required:  first,  a 
proper  degree  of  heat,  neither  too  low  nor  too  high;  second, 
uniform  heating;  third,  proper  fluxing. 

In  selecting  the  spelter  to  be  used,  that  which  will  melt  at 
a  temperature  lower  than  the  melting  point  of  the  metal  to 
be  brazed  must  be  chosen. 

When  brazing  pieces  to  brass  tubes  that  are  made  with  a 
brazed  seam,  it  is  unsafe  to  use  spelter,  because  of  the 
liability  of  opening  the  seam.  A  more  fusible  solder,  such 
as  silver  solder  should  be  used. 
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KINI>3  OF  JOINTS 

43.  In  Fig.  38  is  shown  a  number  of  joints,  suitable  for 
different  jobs.  The  joint  shown  in  Fig.  28  {a)  is  called  a 
butt  Joint ;  the  lumps  of  spelter  at  a  are  placed  in  position 
ready  for  fusion.  The  strength  of  this  joint  is  small,  being 
in  proportion  to  the  actual  area  of  the  edges  that  are  united 
by  the  spelter.  The  strength  is  greatly  increased  by  lap- 
ping the  plates,  as  in  Fig.  38  (5).  An  equal  amount  of 
strength    may    be    secured    and    the   appearance    greatly 


improved  by  beveling,  or  splaying:,  the  edges,  as  in 
Fig.  28  (c),  provided  the  plates  are  thick  enough  to  permit 
the  beveling  to  be  extended  to  a  sufficient  width. 

The  strongest  joint  for  sheet  metals  is  made  by  dove- 
tailing the  edges  together  before  brazing,  as  in  Fig.  28  ((/). 

Thin  tubing  may  be  joined  by  a  slip  Joint,  as  shown  in 
Fig.  28  {e),  by  first  annealing  one  of  the  ends  and  forming 
it  into  a  socket.     The  end  is  flared  out  by  means  of  a  drift 
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plug,  care  being  taken  not  to  split  the  pipe,  after  which  the 
metal  is  expanded  by  hammering  until  the  other  end  will 
enter  properly. 

Circular  butt  Joints  may  be  strengthened  by  means  of 
a  band  put  on  externally,  as  in  Fig.  28  (/"),  or  by  an  inter- 
nal ferrule,  as  in  Fig.  38  (^). 

A  knob  brazed  to  the  end  of  a  rod  is  shown  in  Fig.  28  (A). 
To  do  this  job  properly,  the  spelter  must  be  made  to  flow 
into  the  socket  and  secure  the  shank  of  the  knob.  A  good 
job  cannot  be  made  by  merely  securing  the  edges  atrt.  The 
rod  should  be  held  vertically  in  a  charcoal  fire  until  the 
socket  is  well  heated,  at  the  same  time  heating  the  knob 
also.  Borax  and  spelter  are  then  placed  in  the  socket,  and 
as  soon  as  the  spelter  is  melted  the  shank  of  the  knob  should 
be  inserted  and  pressed  into  place.  The  spelter  will  flow 
outwards  by  being  displaced  by  the  shank  and  will  make  sure 
of  filling  the  entire  joint;  or  the  space  b  at  the  end  of  the 
shank  may  be  filled  with  spelter,  as  shown,  and  the  knob 
inserted.  If  the  knob  and  socket  are  then  heated  in  an 
inverted  position  the  spelter  in  b  will  flow,  by  gravity, 
around  the  shank  and  sweat  down  to  the  rim  a. 


INTRODUCTION 


f  r.  ASSl  KI  <  NATION 


43.  The  general  principle  involved  in  the  process  of  joint 
wiping  is  that  of  heating  the  parts  to  be  joined  by  the  metal 
employed  to  join  them,  and  of  wiping  that  metal  (solder) 
into  desirable  shapes  at  the  proper  places  by  means  of  a 
cloth  while  the  metal  is  in  a  plastic  condition. 

The  numerous  kinds  of  wiped  joints  may  be  classified  as 
uiukrhaiid  joints,  tipriglit  joints,  s.vA  scams.     The  first  and 
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second  classes  may  be  subdivided  into  s/rat^/ii  joints,  branch 
joints,  and  flange  joints.  Tfie  third  class  may  be  subdivided 
into  countersunk,  raised  and  corner  seams. 


GENERAL  INSTRUCTIONS 

44.  The  process  of  making  joints,  which  is  called 
wiping,  is  used  for  joining  lead  to  lead  or  to  brass  or  cop- 
per. In  making  these  joints,  the  metals  to  be  joined  should 
be  heated  to  a  temperature  equal  to  that  of  the  fusing  point 
of  the  solder  applied.  Care  should  be  taken  that  they  are 
not  heated  to  their  own  melting  point.  The  parts  are 
heated  by  pouring  over  them  a  quantity  of  molten  solder, 
the  proper  temperature  of  which  varies  with  different  classes 
of  work.  The  solder  usually  employed  for  wiping  is  com- 
posed of  3  parts  of  lead  to  1  part  of  tin  and  melts  at  a  tem- 
perature of  about  441°.  When  used  for  wiping  lead,  it 
should  be  heated  nearly  to,  but  not  much  over,  626",  which 
is  the  fusion  point  of  lead.  This  allows  a  margin  of  about 
185°  that  is  available  for  heating  the  metals  to  be  joined. 
The  solder  pot  should  be  kept  as  nearly  as  possible  at  that 
temperature,  judging  the  temperature  by  the  appearance  of 
the  molten  metal.  At  this  temperature  no  yellow  crust  will 
form  on  the  surface,  and  the  metal  will  not  show  even  the 
faintest  reddish  colorin  a  perfectly  dark  room. 

45.  In  wiping  joints  on  lead  pipe,  the  parts  to  be  joined 
are  scribed,  soiled,  shaved,  beveled,  and  cupped,  as  shown 
in  Fig.  29.  The  parts  must  be  carefully  fitted  together,  so 
that     solder     cannot 

run    through   to    the 
inside  of  the  pipe.    To  i 
prevent    the    shaved 
portions  a,  b  from  tar- 
nishingbeforewiping,  ""■  ** 

they  should  be  rubbed  with  mutton  tallow,  which  also  forms 
.the  flux.     The  part  c  should  also  be  shaved  and  greased. 
53—22 
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46.  Fig.  30  shows  a  wiped  joint  in  section  after  the 
pipes  a  and  b  have  been  pressed  tightly  together  and  a  joint 
wiped  over  their  cleanings. 


The  length  of  the  joint,  that  is,  the  distance  between  c  and 
i,  should  be  about  equal  to  that  given  in  the  following  table : 


TABLE  II 


LENGTH  OF  UNnERHAND  WIPED  JOINTS 


Diameter 

Lengtti  of 

Diameter 

Length  of 

Diameter 

Length  of 

of  Pipe. 

Joint, 

of  Pipe. 

Joint. 

of  Pipe. 

Joint. 

Inches 

Inctjes 

Inches 

Inches 

Inches 

Inches 

J 

'i 

li  water 

3 

2    waste 

^\ 

8 

»1 

I J  waste 

2 

ii  waste 

H 

* 

'\ 

I J  water 

3^ 

3    waste 

H 

■ 

=  i 

1  ^  waste 

n 

4    waste 

3 

For  pipes  larger  than  4  inches  the  joint  may  be  from  3  to 
4  inches  long,  if  it  is  made  in  a  horizontal  position.  Joints 
that  are  made  shorter  than  given  in  the  above  table  are 
liable  to  be  weak,  and  those  made  longer  involve  a  waste  of 
solder.  Upright  joints  on  waste  pipes  usually  need  not  be 
more  than  3  inches  long. 

47.  The  parts  should  be  carefully  secured  in  place,  so 
that  they  cannot  shift  while  the  joint  is  being  wiped.     A 
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space  of  at  least  4  inches  must  be  had  below  and  on  both 
sides  of  the  joint,  to  provide  room  for  the  movement  of  the 
hands  and  the  cloth. 

48.  To  make  a  joint  in  an  ordinary  J-inch  lead  water 
pipe,  about  10  pounds  of  solder  should  be  melted  in  the  pot 
and  heated  to  the  proper  temperature.  AVarm  the  wiping 
cloth  until  it  becomes  pliable,  and  hold  it  in  the  left  hand, 
steadying  it  with  the  thumb,   as  shown  in   Pig.  31.     The 


cloth  should  form  a  dish,  or  hollow,  to  receive  and  retain  the 
solder  that  falls  from  the  joint,  in  order  to  heat  the  under 
side  of  it.  The  parts  that  are  to  receive  solder  having  been 
rubbed  with  mutton  tallow  and  securely  fastened,  the  solder 
in  the  pot  is  thoroughly  stirred  and  taken  up  with  a  ladle. 
The  solder  is  then  slowly  |X)ured  over  the  joint,  taking  care 
to  heat  the  parts  uniformly  all  around.  When  a  quantity  of 
the  solder  has  been  caupfhl  in  the  cloth,  it  should  be  worked 
around  on  to  the  toj);  more  sulder  is  then  poured  on  this, 
catching  the  surplus  witli  the  cloth,  as  before,  and  heating 
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the  under  side  with  it.  When  the  solder  on  the  pipe  has 
become  so  hot  as  to  be  plastic,  and  is  inclined  to  slide  or 
drop  off,  and  if  it  is  certain  that  the  surfaces  are  thoroughly 
tinned  and  that  the  pipe  is  sufficiently  hot  to  maintain  the 
solder  in  a  plastic  condition  long  enough  to  perform  the 
necessary  work,  and  also  that  there  is  enough  plastic  solder 
to  make  a  good  joint,  pouring  should  be  stopped  and  the 
wiping  begun.  The  colder  pieces  of  solder  that  have  set,  or 
are  beginning  to  set,  are  first  thrown  ofl  the  joint;  then  the 
edge  of  the  cleaned  parts  that  limit  the  ends  of  the  joint  are 
found,  and  the  solder  is  formed  into  the  shape  desired,  hol- 
lowing the  cloth  for  that  purpose.  At  the  time  of  forming 
the  joint,  all  the  superfluous  solder  should  be  thrown  off. 
The  joint  is  then  finished  by  working  the  cloth  around  from 
bottom  to  top  on  both  sides,  and  by  finally  drawing  the 
cloth  lightly  across  the  top.     This   movement  frequently 


leaves  some  solder  projecting  over  the  soiling,  as  shown  at  a 
in  Fig.  3^.  This  should  be  broken  off  as  soon  as  formed, 
by  lifting  it  with  a  knife  blade.  It  should  not  be  cut  off 
with  a  knife,  since  the  lead  pipe  is  still  quite  soft  and  the 
blade  is  very  apt  to  cut  into  and  weaken  it. 

Some  workmen  finish  wiping  with  a  very  quick  motion  of 
the  cloth,  which  throws  the  surplus  solder  tangentially  from 
the  joint  and  leaves  the  line  of  finishing  hardly  visible. 
This  method  scatters  the  solder  over  the  floor,  where  it  picks 
up  impurities. 

When  the  wiping  is  completed,  the  joint  should  be  cooled 
quickly  by  blowing  a  spray  of  water  on  it  to  save  time, 
because  the  juint  must  not  be  handled  until  it  has  cooled. 
Rapid  ciHiling  ;ilso  chilis  the  surface  and  prevents  the  tin 
from  separating  from  the  lead  in  cooling  and  settling  to  the 
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bottom  of  the  joint.     It  also  improves  the  appearance  of  the 
joint  by  making  it  bright. 

The  liability  to  overheat  the  pipe  and  burn  holes  in  it 
increases  with  its  thinness  and  diameter. 


EXAUPLK8    OP    JODTT    WIPING 


WIPINO  AW  UNDERHAND  JOFNT 

49.  The  following  ten  illustrations  are  taken  from  pho- 
tographs of  a  plumber  at  work  making  a  plain  underliand 
wiped  joint  on  1-inch  AA  pipe. 


Pig.  33  shows  the  common  way  of  straightening  the  end 
of  a  lead  pipe,  but  it  does  not  show  the  evii  effects.     A  steel 
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bending  pin  is  inserted  into  the  end  of  the  pipe,  the  point 
bearing  on  the  middle  of  the  inside  of  the  curve.  Force  is 
brought  to  bear  on  the  pin  and  the  pipe,  as  shown,  and  the 
pipe  is  thus  straightened.  This  method,  however,  sinks  the 
point  of  the  bending  pin  deep  into  the  lead  and  damages 
the  pipe  very  much,  although  the  damage  is  not  visible  on 
the  outside. 

50.  It  is  a  difficult  matter  to  saw  a  lead  pipe  perfectly 
square  across;  therefore,  the  end  of  the  pipe  must  be  squared 
after  being  cut.     It  is  necessary  to  have  the  end  square  so 


that  in  preparing  the  joint  the  parts  will  form  a  neat  fit. 
Fit;.  :U  shows  the  plumber  squaring  the  end  of  the  pipe  with 
a  rasp.  As  the  rasp  cuts  deep,  he  must  hold  the  pipe  very 
steady. 
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51.  Having  squared  the  ends  of  the  pipe,  the  plumber 
takes  the  turn  pin  and  drives  it  into  the  end  of  one  of  the 
pieces  with  a  hammer,  as  shown  in  Fig.  35,  thus  swaging 
the  end  into  the  form  of  a  funnel  mouth.  Here  it  will  be 
noticed  that  the  pipe  does  not  rest  on  the  bench  while  the 
plumber  is  hammering  on  the  turn  pin.     If  it  did,  the  force 


of  the  blow  would  bend  the  pipe  and  the  swaging  would  not 
be  made  central.  To  prevent  the  thickness  of  the  pipe 
around  the  swage  from  occupying  too  much  sp.ice,  it  is 
rasped  off  to  a  thin  edga.  The  swaged  end  is  called,  the 
female  end,  and  the  end  of  the  other  piece  of  pipe,  which 
fits  into  the  swaged  end,  is  called  the  male  ciitl.  The 
bevel  on  the  male  end  should  be  very  neat  and  true,  and  the 
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rough  tooth  marks  of  the  coarse  rasp  should  be  smoothed 
down  with  a  fine  rasp.  The  male  end  should  slip  into  the 
female  end  J  inch,  at  least;  it  must  fit  closely  all  around, 
and  be  solder-tight;  otherwise,  molten  solder  will  flow  into 
the  pipe  when  the  joint  is  being  wiped  and  make  what 
plumbers  call  a  solid  Joint. 

513.    The  next  part  of  the  work  is  soiling  the  ends  that 
are  to  be  joined  together,  as  is  shown  in  Fig.  3fJ,  the  object 


being  not  to  make  the  joints  "look  pretty,"  as  some  laymen 
suggest,  but  to  prevent  solder  from  sticking  to  the  pipe 
where  it  is  not  wanted.  To  make  the  soil  lake  hold  of  the 
pipe,  the  ends  are  first  rubbed  with  chalk  to  a  distance  of 
i  or  5  inches.  Then  the  ends  are  painted  with  the  soil,  as 
shown,  and  allowed  to  dry. 
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53.  In  Fig,  37  the  plumber  is  shaving  the  male  end  of 
the  pipe.  The  female  end  is  set  up  on  a  brick  so  that  the 
soil  may  be  dried  by  the  heat  of  the  fire.  The  total  length 
of  the  joint  when  finished  is  supposed  to  be  about  2J  inches, 
and,  as  the  male  end  slips  in  ^  inch,  the  length  of  the  ciean- 

ing  that  the  plumber  is  shaving  in  Fig.  37  should  be  -^  +  J 

=  1|  inches.      Great  care  must  be  taken  to  avoid  skipping 


any  part  and  leaving  streaks  uncleaned,  for  the  solder  will 
not  adhere  to  these  streaks  and  they  will  ultimately  become 
small  channels  for  leakage  when  the  joint  is  subjected  to 
water  pressure.  After  the  male  end  is  shaved,  the  plumber 
takes  a  little  tallow  and  rubs  it  over  the  newly  cleaned 
surface  to  prevent  its  tarnishing  before  he  is  ready  to  wipe, 
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and  also  to  act  as  a  flux  when  he  is  wiping  the  joint.  If 
there  is  a  fin  inside  the  nose  of  the  male  end,  it  is  now  cut 
off  with  a  pocket  knife  or  with  the  blade  of  the  shave  hook. 
By  the  time  the  male  end  is  shaved  and  greased,  the  female 
end  is  dry,  so  the  plumber  proceeds  to  clean  this  in  the  same 
way,  making  it  only  1|  inches  long,  instead  oT  1|  inches. 
This  brings  the  edge  of  the  female  end  in  the  center  of  the 
exposed  total  cleaning  and  thus  in  the  center  of  the  pro- 
posed joint.  After  the  female  end  is  shaved  and  shines  all 
around,  the  plumber  places  the  shave  hook  inside  the  swaged 
opening  and  deftly  whisks  it  about  once  or  twice,  thus  clean- 
ing the  cup  to  a  depth  of  about  }  inch  all  around.  This 
allows  the  solder  to  sweat  into  the  cup  to  the  extreme  tip 
of  the  male  end.  The  female  end  and  the  inside  cleaning 
are  now  greased,  and  the  two  ends  are  ready  to  be  joined 
together  by  a  wiped  joint. 

54.  To  facilitate  wiping,  the  plumber  places  four  bricks 
as  shown  in  Fig.  38.  The  two  pieces  of  pipe,  are  laid  in  a 
straight  line  on  these  bricks  in  such  a  way  that  each  piece  is 
supported  by  two  bricks,  which,  of  course,  brings  the  joint 
somewhere  about  midway  between  the  two  inner  bricks. 
The  object  of  placing  the  uricks  on  edge  is  to  allow  a  space 
of  4  inches  under  the  joint,  which  is  plenty  of  room  for  an 
ordinary  hand.  If  the  bricks  were  laid  flat,  there  would  be 
a  space  of  only  3  inches  under  the  joint,  and  this  is  too  small. 
Common  bricks  are  8  in.  X  4  in.  x  3  in. 

66.  After  the  pipes  are  lined  up  true,  and  the  cleaned 
ends  are  pressed  together  so  tightly  that  they  form  an  almost 
water-tight  connection  without  solder,  the  plumber  imme- 
diately fixes  the  Joint,  which  means  that  he  fastens  the 
parts  to  be  joined  so  that  they  will  not  move  While  he  is 
wiping  the  joint.  Experienced  plumbers  always  fix  their 
joints  perfectly  rigid,  and  when  they  are  wiped  they  never 
leak.  In  order  to  suggest  means  of  fastening  the  pieces  of 
pipe,  two  different  metJiods  are  illustrated  in  Fig.  38. 

After  the  plumber  underpinned  the  bricks  with  slivers  of 
wood  to  prevent  their  rocking,  he  weighted  the  pipe  next  to 
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his  gasoline  fire-pot  with  a  piece  of  old  lead  water  pipe 
weighing  about  8  pounds  and  an  old  lead  pot  piece  of  about 
the  same  weight.  These  made  a  load  of  about  16  pounds, 
which  is  quite  sufficient  to  hold  that  pipe  steady,  provided 
it  is  kept  from  rolling  on  the  bricks  by  a  rasp  or  file  wedged 


Pio.  38 

in  at  each  side.  The  other  pipe,  however,  he  steadied  by 
pouring  two  bands  of  solder  over  it  in  such  a  manner  that 
the  abutments  of  these  two  little  bridges  might  bear  on  the 
two  bricks  at  the  left,  as  shown.  This  is  a  quick,  lazy, 
ineilicient  plan  of  fixing,  which  nearly  always  injures  the 
pipe  when  the  bands  are  removed. 

66.  Now  the  pipe  is  fixed.  The  plumber  tries  to  shake 
it,  but  it  does  not  move,  so  he  lays  an  old  newspaper  under 
the  joint,  warms  his  wiping  cloth  by  the  fire,  andstirs  up  the 
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molten  solder  with  his  ladle.  The  solder  pot  was  put  on 
the  fire  about  3  minutes  before  he  commenced  to  fix  the 
joint.  Knowing  the  necessity  for  having  good  solder,  and 
knowing  the  trouble  that  would  undoubtedly  follow  should 
the  metal  be  foul  or  defective  in  any  way,  the  plumber  stirs 
the  molten  mass  until  all  the  lead  and  tin,  of  which  the  solder 
is  entirely  composed,  are  so  thoroughly  intermixed  as  to 
form  a  uniform  composition  throughout  the  entire  depth  of 
the  pot.  He  then  pours  a  little  of  this  solder  on  a  brick 
having  a  smooth,  level  surface,  producing  a  disk  of  molten 
solder  about  the  size  of  a  silver  dollar,  which  shines  like 
mercury  until  it  begins  to  set,  when  it  assumes  a  whitish  steel- 
gray  color.  But  on  the  surface  and  surrounded  by  this  color 
are  some  four  or  five  small  silver-like  spots  about  -J  inch  in 
diameter,  which  indicate  that  the  solder  is  good. 

57.  Everything  being  now  ready  and  the  wiping  cloth 
warm,  the  plumber  commences  to  pour  on  the  solder,  using 
the  ladle  and  wiping  cloth,  as  shown  in  Fig.  38.  Lead  melts 
at  about  626°  F. ,  and  the  solder  in  his  ladle  is  probably  about 
800°  F.,  so  he  must  be  very  careful  or  he  will  melt  a  hole 
through  the  pif)e  and  fill  the  bore  with  solder.  To  avoid  this, 
he  moves  his  ladle  to  and  fro  along  the  pipe  and  slowly  pours 
the  hot  metal  on  the  soiling  as  well  as  on  the  cleaning.  In 
this  way  he  does  not  pour  twice  on  the  same  spot  before  the 
heat  in  that  spot  is  absorbed  by  the  pipe.  As  he  continues 
to  pour  on  top,  some  surplus  metal  runs  over  the  sides  and 
falls  on  the  newspaper,  which  keeps  it  from  contact  with  the 
dirty  bench.  But  his  left  hand  holds  the  wiping  cloth  under 
the  joint.  This  cloth  catches  some  falling  solder,  which  he 
occasionally  pushes  up  against  the  under  side  of  the  joint  to 
warm  it.  Of  course  the  plumber  hollows  his  cloth  and  makes 
it  like  a  saucer,  so  that  the  molten  metal  will  stay  there. 

58.  There  are  two  prime  objects  aimed  at  in  pouring 
metal  on  a  joint:  one  is  to  properly  heat  the  joint  and  thus 
thoroughly  tin  all  the  cleaned  surface  before  beginning  to 
wipe  for  a  finish;  and  the  other  is  to  have  enough  metal  on 
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to  properly  form  and  finish  with.  The  plumber,  therefore, 
is  compelled  to  lift  up  the  surplus  metal  periodically  and 
place  it  on  the  top,  as  shown  in  Fig,  39;  otherwise,  the  top 
would  soon  be  bare  and  overheated,  while  the  bottom  would 
be  overloaded  with  cold  solder.  This  action  rubs  the  plastic 
metal  against  the  cleaned  surfaces  and  tins  them,  besides 
producing  a  nearly  uniform  temperature  all  over  the  joint. 


When  enough  heat  has  been  applied  to  cause  the  solder  to 
slide  down  and  tend  to  fall  off  the  joint  in  spite  of  the 
operator,  and  when  there  is  more  than  enough  metal  to  form 
the  joint,  the  plumber  immediately  lays  down  the  ladle  and 
commences  to  shape  the  joint  with  his  cloth.  He  must  move 
his  hand  quickly,  for  the  metal  slides  down  rapidly  and  will 
not  wait  for  him.     He  must  work  it  up,  and  at  the  same  time 


D.qit.zeaOvGoOt^lc 


40  SOLDERING  AND  WIPING  g  16 

find  the  edges  of  the  cleaning  and  form  a  rough  outline  of 
the  joint.  He  must  knock  off  all  solder  that  has  set  on  or 
near  the  wiping,  so  that  it  will  not  interrupt  his  movements. 
He  must  guard  against  the  metal  falling  off  the  bottom 
while  he  is  working  at  the  top.  In  fact,  he  must  look  out 
for  a  dozen  or  more  things  at  the  same  time  that  are  all 
liable  to  happen  during  the  few  seconds  he  has  to  wipe  the 


joint  after  he  lays  down  the  heat-giving  ladle.  Then,  when 
everything  is  "just  so,"  he  curves  the  cloth  and  swings  it 
around  the  joint — first  one  way,  then  the  other,  as  shown  in 
Fig.  40.  Before  you  can  realiKe  that  the  joint  is  now  formed, 
he  draws  his  cloth  neatly  over  the  top,  as  shown  in  Fig.  41, 
to  remove  any  mark  left  iiy  the  swing.  With  a  sharp  twitch 
of  the  cloth  all  .'iurplus  material  is  whisked  neatly  off ,  and 
the  joint  is  finished. 
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69.  But  this  is  not  all,  for  if  he  left  it  to  cool  off  slowly, 
the  tin,  whose  temperature  of  fusion  is  much  lower  than  that 
of  the  lead,  would  percolate  through  the  joint  and  fall  off 
the  bottom  in  drops,  leaving  a  coarse,  chalk-like  porous  joint 
with  a  deep  hole  in  the  bottom  and  a  long,  sharp-pointed  teat 
hanging  from  the  side  of  it  like  a  miniature  icicle.  The  hole 
in  the  bottom  will  finally  cause  a  leak.  To  avoid  this,  the 
plumber  instantly  drops  the  cloth  after  making  the  cross- 
draw  shown  in  Fig.  41,  seizes  a  looking  glass,  holds  it  under 


the  joint  to  see  how  it  looks  on  the  bottom,  and  at  the  same 
time  blows  a  strong,  fine  spray  of  water  all  over  tlie  joint, 
as  shown  in  Fig.  4^,  before  a  single  drop  of  tin  has  had  time 
to  form  at  the  bottom.  This  spray  rapidly  chills  the  joint 
and  instantly  solidifies  its  outer  surface.  The  wiping  of  the 
joint  is  now  finished,  but  it  must  be  allowed  to  cool  for  a  few 
minutes  before  disturbing  it;  otherwise  it  may  crack  or 
break  apart,  and  the  whole  operation  would  have  to  be 
repeated. 
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60.     Fig.  43  shows  the  correct  form  of  a  well-made  joint. 
It  is  uniform  in  thickness  all  around.     There  is  neither  too 


much  nor  too  Uttle  solder  on  the  joint  at  any  place.     A  good 
thickness  is  over  the  middle  of  the  joint,  and   the  solder 


tapers  neatly  down  to  the  edge  of  the  cleaning.     No  solder 
overlaps  the  soil,  and  no  part  of  the  cleaning  is  exposed. 


^VTPINQ  A  CONCEALED  JOINT 

61.  In  Fig.  44  is  shown  the  manner  of  wiping  a  joint  in 
a  concealed  place,  the  joint  in  the  pipe  being  out  of  the 
sight  of  the  workman.  This  is  done  by  placing  a  candle  a 
so  as  to  ilhiminate  the  back  of  the  pipe  /',  and  two  mirrors  c 
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and  (/  so  as  to  reflect  the  image  of  the  pipe.  The  formation 
of  the  joint  must  be  governed  mainly  by  the  feeling  of  the 
solder  while  working. 

Care  must  be  taken  in  doing  this  kind  of  work  to  spread 
the  solder  welt  over  the  soiled   parts  of  the  pipe,  as  other- 


wise a  hole  may  be  burned  through  the  top  of  the  joint. 
•Solder  will  then  enter  the  pipe,  as  shown  at  e.  Paper  should 
be  spread  underneath  the  pipe  to  catch  the  surplus  solder 
that, is  sure  to  fall  off  in  such  work,  as  shown  at_/! 

62.  Joints  in  large  horizontal  pipes  may  be  wiped  in 
several  heats,  or  two  men  may  operate  simultaneously,  one 
on  each  side.  The  open  ends  of  the  pipe  are  first  closed  to 
prevent  a  draft  of  air  through  it,  so  as  not  to  convey  heat 
from  the  joint  to  the  outer  atmosphere.  Molten  solder  is 
then  carefully  pouted  on  the  shaved  ends  until  enough 
adheres  to  form  the  joint.  The  temperature  of  the  pipe 
near  the  joint  and  the  solder  on  it  is  then  raised  to  the  melt- 
ing point  of  the  solder  by  a  gasoline  torch.  The  torch  flame 
is  then  suddenly  withdrawn,  and  the  now  plastic  solder  is 
easily  formed  into  the  proper  shape.  Should  the  solder 
begin  to  set  before  the  joint  is  entirely  wiped,  more  heat 
can  be  applied  by  the  torch.  Joints  over  4  inches  in  diam- 
eter are  seldom  found  in  modern  house  plumbing. 
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WrPIN(i  HR,VNCII  JOIN1"S 

63.     wiping:  a  T  Hraiieh  Joint. — The  manner  of  ma- 
king a  common  T  branch  joint  is  shown  in  Figs.  45  to  54.    A 
^  hole  should  first  be  bored 

in  the  main  pipe  with  the 
tap  borer,  as  shown  in 
Fig.  45,  care  being  taken 
not  to  pierce  the  opposite 
side  of  the  pipe  with  the 
point  of  the  tool.  The 
hole  should  be  much 
smaller  than  the  branch 
pipe.  The  edge  of  the 
hole  is  then  turned  out- 
wards, as  at  a.  Fig.  46, 
with  a  bending  pin  h,  care 
being  taken  not  to  form 
an  edge  c  projecting  in- 
^'°-**  wards.        The    outwardly 

turned  edge  should  then  be  shaped  with  the  turn  pin  into  a 
cup  to  receive  the  end  of  the  branch  pipe,  which  should  be 
beveled  and  shaved  as  for  an  ordinary  straight  joint,  as 


shown  in  Fig.  47.  This  figure  also  shows  the  proper  form  of 
t!ie  cleaning.  In  descrihing  the  boundary  line  of  the  clean- 
ing, it  is  customary  to  make  the  distance  a  from  J  inch  to 


D.qit.zeaOvGoOt^lc 


g  10  SOLDERING  AND  WIPING  46 

1  inch  on  ordinary  pipes.  The  inside  of  the  cupping  b 
should  be  shaved  about  \  inch  down.  If  possible,  clamps 
should  be  used  to  draw  the  joint  together. 


64.  To  wipe  a  horizontal  brancli  Joint,  proceed 
as  in  the  case  of  a  phiin  underhand  joint,  but  finish  it 
at  the  bottom  instead  of  at  the  top.  The  finishing  is 
done  by  drawing  the  cloth  from  a  toward  'b,  as  shown  in 
Fig.  48,  and  then  immediately  cooling  the  joint  with  a 
fine  spray. 

65.  The  proper  form  of  a  well-shaped  branch  joint  on  a 
lead  water  pipe  is  shown  in  Fig.  49.  As  an  inspection  of 
the  illustration  reveals,  the  solder  is  placed  so  as  to  give 
strength  to  the  joint. 

66.  In  Fig.  50  are  given  two  sections  of  a  branch  joint 
in  which  the  correct  and  incorrect  forms  of  preparing  and 
wiping  these  joints  are  shown. 

At  a  the  cup  in  the  lead  pipe  projects  too  far,  and  the 
solder  is  r.!so  misplaced,  too  much  of  it  being  under  the  cup, 
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where  it  is  not  required,  and  too  little  above  it.     The  lead 
protruding  through  the  solder  weakens  this  part  of  the  joint. 


The  side  b  shows  how  the  cup  should  be  fitted,  and  the  form 
of  the  solder  when  finishvd. 
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At  c  too  much  sblder  is  applied,  and,  consequently,  some 
of  it  is  wasted.  This  form  of  wiping  conveys  the  idea  of 
poor  workmanship. 

The  side  d  shows  the  proper  curve  that  should  be  given 
to  the  solder  at  this  part  of  the  joint.  It  is  stronger  than 
the  pipe  and  has  a  neat  appearance. 

At  c  is  shown  the  edge  of  the  lead  that  has  been  driven 
into   the  pipe  during  tlie  preparation  of  the  joint.     This 


should  have  been  cut  off  before  the  pipes  were  put  together 
and  wiped.  At  /  is  shown  a  head  of  solder  that  has  flowed 
inside  the  pipe  through  a  bad  fit  in  the  cup.  These  should 
be  carefully  guarded  against. 

67.  Wiplnpr  a  Vertical  Branch  Joint,— The  process 
of  wiping  a  vertical  branch  joint  is  more  simple  and  more 
sure  than  that  of  wiping  a  horizontal  branch  joint.  After 
the  parts  are  prepared  and  fixed  rigidly,  the  main  pipe,  if 
small,  is  raised  on  a  small,  narrow  strip  of  wood  a.  Fig.  51; 
molten  solder  is  then  splashed  on  the  joint  with  a  splash 
stick  b,  as  shown.  It  is  splashed  on  gently  and  in  small 
quantities  at  first,  to  avoid  burning  a  hole  in  the  pipe.  The 
speed  and  quantity  is  increased,  however,  and  a  body  of  solder 
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is  soon  piled  up  against  the  cleaning.  The  splashing  is  con- 
tinned,  or  metal  may  now  be  thrown  on  the  joint  from  the 
ladle  until  the  joint  is  thoroughly  and  uniformly  heated 
and  the  massof  solder  so  soft  that  it  cannot  stay  up,  but  slides 
down  on  the  bench.  As  the  cold  pipe  conducts  heat  away 
from  the  parts  c,  r ,  c,  it  is  necessary  to  Hft  the  plastic  metal 
on  to  these  places  to  keep  them  hot.  When  the  solder  per- 
sists in  sliding  off  the  parts  c,  c,  c  and  when- considerably 
more  metal  is  on  the  cleaning  than  is  required  to  finish  the 
joint,  the  plumber  takes  a  wiping  cloth  and  wipes  the 
metal  into  the  proper  form,  as  shown  in  Fig.  52.  A  joint 
of  this  description  is  usually  finished  by  drawing  the  cloth 
down  the  concave  curve  d.  Fig.  50,  on  to  the  top  of  the 
horizontal  pipe. 

68.  On  large  pipes,  if  the  operator  cannot  accomplish 
the  wiping  before  the  solder  begins  to  set,  a  tank  iron  is 
often   used,  as  shown  in  Fig.  53,   to  maintain  the  proper 


heat.  The  iron  and  the  cloth  are  used  alternately,  the 
former  to  melt  the  solder  and  the  latter  to  work  it  Into  shape 
before  it  sets  again,  or  a  gasoline  torch  may  be  used  instead 
of  a  tank  Iron. 
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69.  The  male  end  of  a  large  branch  joint  is  liable  to 
slip  into  the  opening  when 
the  joint  is  heated.  To  pre- 
vent this,  it  is  advisable  to 
slit  the  edge,  as  at  ti  in 
Fig.  5-1,  in  two  or  more 
places  and  then  to  drive 
these  projections  down  out- 
side the  Clipping,  as  at  d, 
when  it  is  feared  that  the 
weight  of  the  branch  may 
cause  it  to  slip  into  the 
horizontal  pipe. 

70.  Wiping  a  TY 
Branoh  .Totut. — In  Fig.  55 
is  shown  a  T  Y  branch  joint. 

This  form  of  joint  should  always  be  wiped  on  waste  pipes. 

The  arrows  show  the  direction  of  the  flow  of  the  water.     A 


common  right-angled  branch  joint  docs  not  permit  the  waste 
water   to  flow   aw:iy    with   sufficient    freedom.       The  waste 
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water  is  apt  to  back  up  and  leave  deposits  of  grease  and 
refuse  that  eventually  choke  the  pipe.  Joints  like  this  are 
usually  wiped  upright,  care  being  taken  to  fit  the  pipe  a  so 
that  it  cannot  slip  into  l>  while  being  wiped.  In  wiping  this 
joint,  particular  care  must  be  taken  to  get  up  a  good  heat 
at  the  acute  angle  to  the  left  of  the  joint.  This  angle 
should  be  wiped  first  with  a  small  cloth;  then  a  large  cloth 
may  be  used  to  wipe  the  remainder. 


WIPING  FLANGE  JOINTS 

71.     The   flantfc  Joints  shown   in    Fig.  56  are  made  by 
flanging  the  end  of  the  lower  section  of  pipe  over  the  board  a. 


The  upper  section  is  beveled  and  prepared  as  for  an  ordinary 
joint.  The  solder  is  applied  with  the  ladle  and  is  wiped  to 
the  shape  shown  with  a  thick  cloth. 

The  section  (it)  shows  a  square  corner  at  />  that  should  be 
avoided;  the  corner  should  be  rounded,  as  shown  in  sec- 
tion (i)  at  c. 

When  a  heavy  weight  is  to  be  borne  by  the  flange,  it  should 
be  reenforced  by  means  of  a.  lead  ring  or  flange  t/,  as  shown 
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in  section  (c).  This  should  be  shaved  on  the  top  and  soiled 
on  the  outer  edge  and  bottom,  and  must  be  laid  on  the 
board  before  the  pipe  is  flanged  over.  Care  must  be  taken 
that  the  flanged  part  of  the  pipe  is  thoroughly  tinned  before 
proceeding  to- wipe.  When  making  flanged  joints  against 
finished  walls  or  on  floors,  the  woodwork  should  be  protected 
by  sheets  of  thick  paper,  as  otherwise  the  hot  solder  will 
scorch  or  disfigure  it.  The  flanges  of  sections  («)  and  {d) 
are  liable  to  be  thinned  too  much  or  even  split  in  flanging 
them  over  on  the  board,  and  on  account  of  this  these  joints 
are  usually  made  too  narrow.  When  a  separate  flange  or 
ring,  as  shown  at  (c),  is  used,  a  wider  and  much  neater  joint 
is  obtained.  Only  this  latter  form  of  flange  joint  should  be 
used. 


MiaCELLANEOUS  EXAMPLES  OF  ■WIPING 

73.      WiplnK  a  Ferrule    to    a    Bend. — A  4-inch   brass 
ferrule   is  usually   wiped  on  the  end  of  a  4-inch  lead  closet 
bend,  the  wiping  being 
done  on  the  bench  in 
an    upright     manner; 
2-inch  and  3-inch  fer- 
rules  are    more   com- 
monly wiped  in  a  hor- 
izontal  position.      To 
prepare  a  4-inch  lead 
bend   for   being  wiped 
on  a  straight  brass  fer- 
rule, the  ferrule  a  is  laid  alongside  of  the  bend,  as  shown 
in  Fig.    57,  all<)wing   the  end  of  the  bend  to  pn)ject  fully 
^  inch  beyond  it.     The  rings  Ir  and  c  are  then  scribed  around 
the  bend,  d  being  J  inch  below  and  c  1  inch  above  the  end 
of  the  ferrule.     The  space  between  ^  and  c  is  then  shaved 
clean,   and    the    part    between  c  and  </  is  coated  with  soil. 
This  distance    is   about    3   inches.     The    cleaning   is  then 
greased  with  mutton  tallow  to  prevent  o.xidation,  and  the 
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ferrule  a  is  slipped  over  the  end  of  the  bend,  like  a  sleeve. 
The  ferrule  is  now  held  in  such  a  position  that  the  width  of 
the  exposed  cleaning  on  the  lead  bend  plus  the  width  of  the 
exposed  part  of  the  tinning  on  the  ferrule  is  about  2  inches. 
The  end  of  the  lead  bend  is  then  flanged  over  the  end  of 
the  ferrule  to  keep  it  firmly  in  its  place.  The  joint  is  now 
ready  for  wiping. 

It  is  not  as  necessary  to  have  this  joint  rigidly  secured  as 
it  is  with  many  other  forms  of  joints,  because  there  is  no 


danger  of  cracking  the  joint  if  the  pipe  should  wabble  dur- 
ing the  process  of  wiping,  or  even  after  it  is  wiped  and 
before  the  solder  hiis  become  hard. 

The  molten  solder  is  usually  poured  on  this  joint  direct 
from  the  ladle,  bnt  if  its  temperature  is  higher  than,  say, 
050°  F.,  it  is  advisable  to  commence  by  splashing  the  metal 
on  the  cleaning  with  a  splash  stick.  At  a  temperature  of 
660°  F.,  molten  lead  will  have  a  very  dull  red  color,  just 
visible  in  a  perfectly  dark  room,  and  will  just  char  a  dry 
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pine  stick  without  igniting  it.  When  sufficient  metal  has 
been  splashed  on  to  entirely  cover  the  cleaning,  the  heat 
may  be  got  up  by  pouring  the  remainder  from  the  ladle. 
When  the  heat  is  up,  that  is  to  say,  when  the  ferrule  and  the 
lead  bend  are  so  hot  that  the  metal  slides  off  the  cleaning, 
the  plumber  takes  the  wiping  cloth  in  his  left  hand  and 
draws  up  the  plastic  solder  so  as  to  obtain  a  good  body  on 
the  joint,  and  then  he  begins  to  wipe. 

Since  the  top  of  the  joint  usually  sets  before  the  bottom, 
it  is  customary  to  wipe  all  around  the  top  edge  first,  then  all 
around  the  bottom  edge,  finishing  as  shown  in  Fig.  58.  Care 
should  be  taken  not  to  leave  too  much  solder  at  a,  since  it 
will  interfere  with  the  calking  operation  when  joining  the 
brass  ferrule  to  an  iron  drain  or  soil  pipe.  The  waste  solder 
at  i  should  be  detached  from  the  work  before  it  becomes 
set.  If  it  sets  before  it  can  be  removed,  a  hot  iron  may 
be  used  to  melt  it.  A  sheet  of  paper  should  be  laid  under 
the  joint  to  catch  the  solder  and  prevent  its  being  fouled 
bj  any  foreign  matter  on  the  bench. 

73.  There  are  other  ways  of  securing  brass  ferrules  on 
lead  pipes  or  bends,  but  they  differ  with  the  shape  and  size 
of  the  ferrule.  The  method  described  and  illustrated  here 
is  recognized  as  the  best  when  straight  cylindrical  ferrules 
are  used. 

74.  WIplDfc  Uprtgrht  Joints.  —  When  wiping  large 
upright  joints,  the  heat  may  be  applied  by  a  tank  iron,  a 
blowpipe,  or  a  gasoline  torch,  as  circumstances  may  require. 
Two  or  more  men  may  be  employed  on  the  same  joint  at 
the  same  time  in  order  to  finish  it  in  one  heat,  or  one  man 
may  do  it  in  several  heats.  If  the  means  at  hand  for  heating 
the  joint  are  sufficient,  there  is  no  more  difficulty  in  wiping 
large  joints  than  small  ones. 

75.  When  joints  are  to  be  wiped  on  upright  pipes  that 
arc  already  in  position,  a  collar  should  be  attached  tempo- 
rarily to  the  pipes  directly  under  the  joints,  so  as  to  catch 
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the  solder  and  to  raise  the  temperature  of  that  part  of  the 
pipe  under  the  joint- 
In  Fig.  59  is  shown  a  piece  of  lead  pipe  with  a  collaf  a  in 
position,  which  is  supported  by  a  cord  b  tied  around  the 
pipe.  The  collar  should  be  cut  to  a  pattern  similar  to  c,  so 
that  when  it  is  formed  around  the  pipe,  the  points  d,  (/can 
be  doubled  over  and  locked  together,  as  at  e,  to  prevent  its 
spreading  apart  when  the  solder  falls  into  it. 


These  collars  are  best  made  of  sheet  lead,  as  this  metal  is 
very  pliable  and  has  no  spring  to  it.  The  inner  surface  of 
the  collar  should  be  coated  with  soil  to  prevent  the  solder 
adhering  to  it.  The  same  collar  can  be  used  repeatedly 
by  simply  soiling  its  inner  surface  on  each  application. 
Paper  collars  are  sometimes  used,  but  they  are  not  so 
satisfactory. 

76.  Wlplnsr  a  Cross. — A  cross  is  the  name  given  to  a 
combination  of  two  branches  wiped  to  the  same  pipe  and 
Opposite  each  other,  as  shown  in  Fig.  00.  The  main  line  a 
is  tapped  and  cupped,  as  shown  in  («},  to  receive  the  two 
branches  b,  b.  This  joint  is  wiped  in  a  h(trtzontal  position 
and  is  as  easy  to  wipe  as  a  common  T  branch,  provided  the 
solder  is  of  the  best  working  quality  and   that   the   soiled 
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parts   are   well   heated   before  the   wiping  is  commenced. 
The  method  of 
I  preparing    the 

parts  is  shown  in 
Fig.  60  {a),  while 
the  proper  form  of 
the  finished  joint 
is  shown  in  (3) 
and(f).  This  com- 
bination joint  is 
wiped  with  one 
heat. 


77.  If  the  main 
pipe  is  much  larger 
than  the  branches, 
the  latter  are 
wiped  separately. 
If  the  wipings  are 
quite  close  to- 
gether and  there 
is  a  liability  of 
molten  solder  run- 
ning    on     to     the 


]<> 


already 


wiped,  it  should 
be  protected  with 
paper  pasted  over 
it,  as  shown  at  a 
in  Fig.  61.  This 
figure  also  shows  a 
simple  method  of 
fi.xing  the  pipes. 
The  main  pipe  is 
fixed  down  on  the 
bench  and  pre- 
vented from  shift- 
ing  by   a   pair   of 
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dividers  b.     The  branch  pipe  about   to  be  wiped   is  held 
steady  by  a  piege  of  pipe  c  bridging  over  and  resting  on 


its  crest.  A  sheet  of  paper  should  be  placed  on  the  floor  to 
catch  all  solder  that  drops  while  the  branch  is  being  wiped. 

78.     Wiping;  a  Solder  Nipple. — Connections   between 

pipes  that  are  united  by  solder  to  other  pipes  joined  by 
screw  threads  may  be  made  by  means  of  a  solder  nipple,  as 
shown  in   Fig.  62.     The  nipple  a  is   made  of  brass  and  is 


joined  to  the  lead  pipe  ^  by  a  wiped  joint  £,  as  shown;  the 
opposite  end  is  provided  with  an  internal  or  external  screw 
that  is  adapted  to  connect  with  a  threaded  pipe  or  to  a  fit- 
ting, as  at  d.  A  square  or  hexagonal  shoulder  e  is  cast  on 
the  nipple  to  facilitate  screwing  up.  The  joint  should  be 
wiped  before  the  solder  nipple  is  screwed  to  the  pipe,  if  pos- 
sible, because  the  iron  conducts  heat  away  from  the  nipple 
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too  quickly  and  the  solder  is  liable  to  set  at  a  before  the 
pliimber  has  time  to  finish  wiping.  If  such  a  nipple  must 
hi  wiped  in  place,  it  is  advisable  to  heat  the  iron  pipe  with  a 
gasoline  torch  before  commencing  to  wipe  the  joint. 

79.  wiping  on  Trap  Screws. — Brass  trap  screws,  or 
screw-caps,  are  wiped  on  lead  pipes,  traps,  etc.  by  first 
boring  a  hole  with  the  tap 
borer  and  working  it  up  with 
the  bending  pin,  and  then  cup- 
ping it  with  the  turn  pin  until 
it  fits  the  ring  a  of  the  trap 
screw,  as  shown  in  Fig.  63. 
'''°- "  The  .ring  being  tinned  outside, 

soiled  on  top  and  inside  the  thread,  a  tissue-paper  plug  b  is 
packed  in  to  close  the  opening.  The  lead  is  then  soiled, 
shaved,  and  greased.  The  ring  is  now  tightly  driven  in  so 
that  it  will  not  work  loose  while  being  wiped,  and  yet  not 
far  enough  in  to  form  an  obstruction  to  the  flow  of  water 
in  the  pipe.     The  joint  is  then  wiped. 


80.     Fig.  04  shows  a  trap  held  up  by  two  bricks.     The 
trap  screw  a  has  just  been  wiped  in,  and  the  paper  plug  is  still 
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in.  It  should  be  rem'oved  after  the  loose  solder  is  picked  up 
and  remelted.  This  lapse  of  time  will  give  the  wiped  joint 
an  opportunity  to  set  before  the  paper  plug  is  pulled  out. 


nOLDINO  PIPES  WHILE  WIPING 

81.     Fig.  65  illustrates  a  good  method  of  fixing  lead  pipes 
o  wipe  on  a  stop-cock.     The  pipes  are  laid  on  bricks  and 


weighted  with  pieces  of  old  pipe,  solder  ingots,  or  any  other 
convenient  heavy  bodies.  To  prevent  the  cock  from  turning 
while  the  joint  is  being  wiped,  some  melted  solder  is  poured 
over  each  joint,  as  shown.  One  joint  is  wiped,  and  after  it 
has  set,  but  before  the  cock  has  cooled  off,  the  other  joint  is 
also  wiped.     Straight  valves  are  fixed  in  the  same  way. 

Special  joint-fixing  clamps  can  be  purchased  for  the  pur- 
pose of  fixing  joints,  but  plumbers  appear  to  prefer  bricks 
and  weights.  They  can  be  found  on  any  job  and  are  more 
rigid  than  most  joint-fixing  clamps. 

8-!.     Fig.  06  shows  a  simple  method  of  flxlng  a  eoiiiinon 
sink  bibb  previous  to  wiping  it  on  to  a  lead  water  pipe, 
63—24 


D.qit.zeaOvGoOt^lc 


60  SOLDERING  AND  WIPING  g  16 

leaving  an  air  chamber  <?  above  the  bibb.  A  pair  of  com- 
passes holds  the  pipe  steady.  The  bibb  is  pushed  into  the 
cupping  and  the  lead  Is  driven  tightly  up  against  the  shank 
of  the  bibb.  Apiece  of  lead  pipe  b,  bent  like  a  horseshoe, 
rests  on  top   of  the  bibb,  as  shown.     This  is  not  a  very 


secure   fastening,  but  if  care  is  exercised  in  wiping,  there 

will  be  little  danger  of  the  bibb  falling  down,  for  the  brass 

shank  expands  and  tightens  itself  in  the  pipe  when  heat  is 

applied.     The  end  c  of  the  pipe  a  is  cut  on  the  bevel,  soiled 

outside,  scraped  and  greased  inside,  and  a  soft  paper  plug  is 

pushed  into  the  pipe  about  ^  inch  to  prevent 

solder  from  running  too  far  in  the  pipe  when 

the  end  is  being  wiped  over. 

83.  When  the  bibb  is  too  short  to  allow 
hand  room,  if  a  lead  weight  like  b.  Fig.  6fi, 
is  used,  it  is  a  good  plan  to  file  a  notch  or 
groove  around  the  shank,  as  shown  at  a. 
Fig.  (17.  Tlie  lead  edge  of  the  cup  is  tightly 
^"^'  driven  into  this   groove  with  a   chisel   and 

holds  the  bilili  steady  without  a  support. 


D.qit.zeaOvGoOt^lc 


§  16  SOLDERING  AND  WIPING  61 

84,  Fig.  68  shows  a  quick  and  simple  method  of  fising  a 
spud  or  solder  nipple.  The  brick  a  holds  down  the  wooden 
plug  b  and  pushes  the  spud  toward  the  pipe.     If  a  were 


placed  on  top  of  b,  the  brick  c  might  rock  and  allow  the 
joint  to  open  a  little,  which  would  permit  solder  to  flow 
inside  the  pipe. 


D.qit.zeaOvGoOt^lc 


MBiGooi^le 


LEAD  WORK 


WORKING    SHEET    LEAD 


LINING    TANKS 


INTRODUCTION 

1.  The  inside  of  a  house  tank  intended  to  contain  water 
for  domestic  purposes  is  usually  lined  either  with  sheet 
copper  or  sheet  lead.  In  small  tanks  the  bottom  and  two 
sides  can  usually  be  formed  from  one  piece  of  sheet  lead  ; 
the  two  ends  are  separate.  In  the  corners  where  the  seams 
must  be  made,  the  edges  of  the  lead  are  usually  butted 
together  and  a  seam  wiped.  These  corner  seams  are  easily 
wiped  when  the  tank  can  be  turned  up  on  its  ends,  because 
then  the  seams  are  horizontal.  In  large  tanks  that  cannot 
be  turned  over,  more  difficulty  is  encountered,  as  the  corner 
seams  must  be  wiped  in  a  vertical  position.  If  large  tanks 
are  carefully  made  and  free  from  irregularities  and  angles, 
the  ends  of  the  sheets  may  be  butted  at  the  seams;  but  if 
the  corners  are  irregular,  it  is  customary  to  lap  the  seams, 
allowing  J  inch  for  lapping  at  the  back,  and  to  shave  the 
sheets  in  position. 

817 
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DKTAIX.ED  INSTRUCTIONS 

2,  Dimensions.  —  The  following  33  illustrations  show 
how  a  common  house  tank  of  about  1,000  gallons  capacity 
may  be  lined  with  sheet  lead.  The  inside  dimensions  of  the 
tank  we  will  assume  to  be  approximately  8  feet  long,  5  feet 
1  inch  wide,  and  3  feet  6  inches  deep.    Fig.  1  shows  the  tank, 


which  is  of  the  ordinary  rectangular  form.  We  will  assume 
that  the  carpenters  have  just  finished  the  woodwork;  for 
the  sake  of  convenience  in  lining  the  tank,  the  tie-rods 
shown  on  the  floor  at  a  and  the  end  braces  d,  b  have  not  been 
placed  in  position. 

3.  Tryln^r  the  Corners. — First  of  all,  the  corners  of  the 
tank  are  tried  with  a  steel  square,  to  see  if  they  are  at  right 
angles.  Instead  of  using  a  steel  square,  the  two  diagonals 
may  be  compared;  if  they  are  the  same  length,  the  tank  is 
square.  A  convenient  means  of  doing  this  is  to  employ 
two  thin  wooden  rods,  holding  them  together  with  the  hands, 
as  shown  in  Fig.  2,  and  applying  them  to  the  inside  corners, 
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first  on  top,  and  then  on  the  bottom,  as  the  tank  may  have 
a  twist.     If  the  tank  is  not  true,  the  carpenter  should  make 


it  so  before  the  plumber  commences  to  tine  it.  We  will 
assume  this  tank  to  be  nearly  true,  that  is,  not  more  than 
\  inch  out  at  any  place. 


4.    MensurlDg  the  Tank. — The  next  step  is  to  measure 
the  interior  surfaces,  making  an  allowance  of  24  inches  for 
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the  lining  to  fold  over  the  top,  which  is  2  inches  wide; 
this  permits  the  lining  to  be  folded  down  ^  inch  on  the 
outside.     In  order  to  keep  a  record  of  the  measurements, 

it    is    advisable    to    make   a   small 

sketch  on  a  shingle  or  other  con- 
venient material,  and  to  write  on 
it  the  dimensions,  as  shown  in 
Fig,  3.  In  this  sketch,  the  rect- 
tangles  marked  a  and  i  represent 
the  ends,  and  those  marked  c 
and  d  the  sides,  of  the  tank 
lining.  The  dimensions  should 
be    measured   as   accurately   as 


1 

1    1 . 

1  I  t 

. — SW' — 

a 
— -^^= 

'11 

—  skiT — ■ 

1 
1 

5.  laying  Out. — The  sheet  of 
lead  is  now  unrolled  on  a  smooth, 
flat  surface,  and  the  best  mode  of 
cutting  it  up  carefully  considered. 
In  this  particular  case,  Fig.  4  shows 
a  good  plan  of  cutting  up  the  sheet, 
the  lining  being  laid  out  so  that 
seams  will  come  in  the  corners  and 
along  the  center  of  the  bottom,  and 
having  the  pieces  small  enough  to 
be  handled  easily.  A  piece  of  sheet 
lead  large  enough  to  cover  the 
bottom  and  the  two  sides  of  this 
tank  would  be  too  heavy  to 
handle.  The  arrangement  shown 
allows  the  tank  to  be  lined  in 
four  pieces,  as  follows:  Two  end 
pieces  a  and  ^,  a  side   piece  c  and 

half  of  the  bottom,  and  a  side  piece  if  and  the  other  half. 

of  the  bottom. 


6.    Cutting. — Fig.  5  shows  how  the  sheet  lead  is  cut  up 
with  the  knife.      The  plumber  runs  the  point  of  the  knife 
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along  the  tines  made  on  the  sheet,  and  tears  oS  the  small 
pieces,  as  shown ;  the  big  pieces,  however,  cannot  be  thus 


torn  off.     They  are  bent  forwards  and  backwards  a  few 

times,  when  they  break  off  at  the  knife  cut.    The  sheets  are 

now    ready   for   being 

prepared  for  the  tank. 

While  the  plumber  is 

preparing   the   slieets, 

the   carpenter    should 

be   at    work    gouging 

out  a  groove  a.  Fig.  (!, 

IJ    inches    wide     and 

1  inch  deep,  along  the 
center    of    the    tank 

bottom,  also  bull's  eyes,  or  buttons,  d  on  the  sides,  each 

2  inches  in  diameter  and  |  inch  deep. 

7,  PrefMirlngr  the  Sheets. — To  prepare  the  sheets,  the 
edges  first  of  all  are  rasped  or  planed  straight  and  true.  The 
helper  then  heats  the  soil  pot,  while  the  plumber  sets 
the  compasses  to  4  inches  and  scribes  a  line  parallel  with 
the  edges  of  the  lead,  as  shown  in  Fig.  7.  The  edge,  how- 
ever, that  will  fold  over  the  top  of  the  tank  is  not  scribed. 
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The  helf)er  follows  up  behind   the   plumber,   chalking  the 

surface   with   one   hand    and   rubbing   it   with   the   other. 

The  plumber  next  neatly 

paints  the  chalked  surface 

to   the   line   with   soil,  as 

shown  in  Fig.  8,  while  the 

helper  dries  it  by  heating 

the    sheet   on    the    under 

side,    as     shown.      This 

dries   the   soil   as  fast   as 

the   plumber    can    put    it 

on.      Too   much   heat   or 

too    sudden   an   application   of    the    heat   will    blister   the 

soil.     It  is  necessary,  therefore,  to  distribute  the  heat  by 

swinging  the  flame  backwards  and  forwards. 


8.  The  next  step  in  the  preparation  is  shaving  the  lead. 
The  compasses,  set  to  about  J  inch,  are  used  to  scribe  a 
straight  line  parallel  with  the  edges  to  be  soldered.  This 
shining  line  is  scratched  on  the  soiled  surface  and  forms  the 
boundary  line  for  the  cleaning,  or  in  other  words,  the  edge 
of  the  wiping.  The  dirty  skin  of  the  metal  is  then  shaved 
ofE  to  give  a  bright,  clear,  metallic  surface  between  the  edge 
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of  the  soil  and  the  edge  of  the  sheet,  as  shown  in  Fig.  ft, 
which  shows  the  helper  rubbing  the  surface  with  mutton 
tallow  before  the  metal  has  time  to  tarnish.  If  the  metal  is 
allowed  to  tarnish  after  shaving  it,  defective  seams  may  be 
expected  in  the  tank.  In  shaving  the  cleaning,  it  is  neces- 
sary that  no  unclean  streaks  exist ;  the  solder  will  not  adhere 


to  these  streaks  and  a  leak  may  be  the  result.  The  edge  of 
the  sheet  should  be  beveled  with  the  shaving  hook  to  an 
angle  of  about  45°  while  the  cleaning  is  being  performed,  so 
that  the  edges  will  be  mitered  when  the  sheets  are  set  in 
position  in  the  tank. 

9.  The  first  part  of  the  lining  to  be  prepared  is  the 
sheet  d.  Fig.  4,  with  half  the  bottom,  because  there  is  an 
allowance  of  \  inch  made  on  the  bottom  for  folding  into  the 
groove  in  the  bottom  of  the  tank.  The  next  piece  to  be  pre- 
pared is  the  piece  c,  and  then  the  two  ends  are  prepared 
and  put  in  the  tank  after  c  and  d  are  secured  in  position. 
In  bending  c  and  d  (before  placing  them  in  the  tank),  it  is 
necessary  to  bend  them  so  that  the  proper  amount  will  fold 
against  the  sides  and  the  proper  amount  on  the  bottom. 
Thus,  the  pieces  marked  c  and  d  laid  off  on  the  big  sheet  are 
to  be  bent  up  on  the  dotted  lines  shown.  These  dotted 
lines  represent  a  chalk-line  mark  that  is  struck  to  mark  the 
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angle  of  the  tank.  To  bend  the  sheet,  the  helper  lays  a 
plank  with  its  edge  at  the  chalk-line  mark.  Both  men  stand 
on  this  plank  to  hold  it  firmly;  both  men  then  lift  up  the 
bottom  (because  it  is  the  lighter  part)  until  it  is  plumb. 
The  plumber  now  takes  a  block  of  wood  and  a  heavy  ham- 
mer and  sets  the  lead  in  against  the  plank,  as  shown  in 
Fig.  10,  while  the  helper  stands  on  the  latter  to  hold  it  in 


position.  This  being  done  satisfactorily,  the  plank  is 
removed,  and  the  sheet  is  rolled  up  both  ways  toward  the 
bend,  when  it  is  ready  for  lifting  into  the  tank.  The  proc- 
ess of  bi-nding  is  quite  generally  known  to  the  trade  as 
breaking  up. 

10.  Placlnsr  the  Sheets. — A  convenient  way  to  raise 
the  sheet  to  the  top  of  the  tank  is  to  place  two  planks 
against  the  side  of  the  tank,  and  then  slide  the  sheet  up, 
removing  the  planks  when  it  is  on  top.  The  men  now  get 
into  the  tank,  one  at  each  end,  put  their  arms  around  the 
roll,  as  shown  in  Fig.  11,  and  lower  it  gently  into  place, 
pushing  it  hard  against  the  side  as  it  descends,  so  that  fric- 
tion will  take  its  share  of  the  load.     It  is  necessary  to  keep 
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the  lead  level  during  lowering,  because  it  is  a  tight  fit,  and 
otherwise  may  jam  against  the  ends.  The  sheet  being  on 
the  bottom,  the  men  push  the  break,  as  the  sharp  bend  is 
called,  closely  into  the  angle  and  unroll  the  bottom  part, 
fiatteoing  it.  Next,  they  unroll  the  side  lining  upwards  and 
bend  it  over  the  top  to  keep  it  in  place.     The  lead  is  then 


gently  beaten  against  the  woodwork  with  a  dresser  or  flat 
board,  to  make  a  perfect  fit.  The  other  large  sheet,  which 
forms  the  other  side  and  the  other  half  of  the  bottom,  is 
unrolled,  prepared,  raised,  lowered,  fitted,  and  dressed 
snugly  into  place  in  the  same  manner. 

11.  The  end  pieces  are  squared,  trimmed  to  accurate 
dimensions,  chalked,  scribed,  soiled,  dried,  beveled,  shLived, 
and  greased  in  just  the  same  manner  as  the  first  sheet  and 
are  put  in  place  and  dressed  into  the  corners.  There  is  a 
difference,  however,  in  the  handling  of  the  end  sheets,  not 
because  they  only  weigh  one-third  as  much  as  the  large 
pieces,  but  because  the  edges  of  these  end  sheets  must  be  a 
close  and  tight  fit  against  the  edges  of  tlie  other  sheets. 
For  this  reason  the  end  slieets  are  not  rolled  up  and  then 
unrolled  in  place  (unless,  of  course,  they  are  too  large  and 
clumsy  to  handle),  but  are  simply  laid  in  place  flat  or  nearly 
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SO.  To  facilitate  matters,  however,  and  let  the  end  piece 
goinquiteeasily,the  plumber  breaks ItH  back,  that  is,  bends 
it,  over  a  plank,  as  shown  in  Kig.  13,  before  trying  to  put  it  in 
place.  This  curves  the  piece  in  the  middle  and  consequently 
shortens  the  distance  between  its  edges  and  enables  it  to 
slide  in  easily.     When  in  place,  the  edges  are  guided  into 


the  angles,  and  the  bulge  is  pressed  back  against  the  wood- 
work. The  other  end  is  inserted  in  the  same  manner.  The 
helper  now  dresses  the  surplus  aj  inches  neatiyover  the  top 
of  the  tank,  a  |-inch  margin  being  bent  down  over  the  out- 
side surface.  Then  he  nails  down  the  top  with  1-inch  or 
l;^-inch  flathead  brass  nails,  placing  them  about  C  inches 
,.  apart.      The     plumber    meanwhile 

cuts  a  piece  about  6  in.  x  14  in.  off 
the  scrap  lead  and  makes  a  flap, 
shown  in  Fig.  13,  and  proceeds  to 
flap,  with  the  flat  part,  the  lining 
very  closely  against  the  wood  all 
over  the  tank,  which  smooths  the 
surface.  The  seams  are  now  securely 
^'°-  "  nailed  tothe  woodwork,  with  J-inch 

tinned  clout  nails,  to  prevent  their  bulging  forwards  when 
the  lead  is  expanded  by  heat  during  the  wiping  process. 
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12.  Wiping  the  Seams.  —  In  wiping  this  tank,  the 
helper  should  start  two  fires,  put  on  two  metal  pots,  and 
heat  three  tank  irons.  About  ^0  pounds  of  solder  are 
required  for  the  work.  It  is  customary  to  figure  the  amount 
of  solder  required  for  lining  a  tank  by  allowing  1  pound  to 
every  %  feet  of  seam.  The  length  of  seams  to  be  wiped  in 
this  tank  are: 

Upright  corners 4  x  3'  6"  =  14  lineal  feet 

Horizontal  corners 2x5'       =10  lineal  feet 

Flat  seam 1X8'      =  ^  lineal  feet 

Total 32  lineal  feet 

Theweight  of  solderactuallyrequired  —  Sf^  —  ISpounds, 
or  fully  three  bars,  but  as  it  is  necessary  to  have  more  sdlder 
in  the  pot  than  is  actually  re- 
quired for  wiping  the  seams, 
four  bars,  at  least,  should  be 
melted.  The  tacks  used  for  the 
seams  should  be  driven  in  about 
2  inches  apart,  and  in  such  a 
manner  that  the  edges  of  both 
sheets  will  be  snugly  and  tightly 
held  back  against  the  wood,  as 
shown   in    Fig.    14.     The   tack 

heads  must  be  punched  in  beyond  the  surface  of  the  lead; 
otherwise  they  may  project  so  far  that  the  solder  will  barely 
cover  them  when*  the  wiping  is  finished.  This  precaution  of 
punching  takes  a  little  time  to  perform,  but  it  is  time  well 
spent,  for  the  majority  of  leaks  that  occur  in  wiped  seams 
are  traceable  to  carelessness  in  punching  in  the  tack  heads. 
If  the  seams  are  not  properly  tacked,  the  hot  mttal  during 
the  wiping  process  will  work  in  between  the  lining  and  the 
woodwork,  where  it  will  cause  much  annoyance,  besides  pre- 
venting the  sheet  lead  from  being  beaten  back  into  place 
after  the  seams  are  wiped. 

13,  After  the  corner  seams  are  nailed,  the  countersunk 
seam  on  the  bottom  is  secured  in  a  similar  manner.     This 
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seam,  however,  is  different  from  the  others,  because  the 
edge  of  one  sheet  overlaps 
the  edge  of  the  other  about 
I  inch,  as  shown  in  Fig.  15, 
and  I -inch  tacks  are  used  in 
preference  to  J-inch  tacks,  , 
for  there  are  two  thick- 
nesses of  lead  for  them  to  go 
through.  Sometimes  the 
corner  seams  are  lapped  in 
a  manner  similar  to  this, 
but  the  majority  of  tanks 
are  lined  with  butted  corners,  which  give  perfect  satisfac- 
tion if  closely  fitted  and  properly  wiped. 

14.  The  next  step  is  to  find  the  bull's  eyes,  or  cavities,  in 
the  sides  and  ends  of  the  tank,  and  then  to  dress  the  lead 
into  them.     In   order  to   find  these 

cavities  now  that  they  are  covered 
with  the  lead  lining,  their  location 
should  have  been  taken  and  the 
measurements  marked  down  pre- 
vious to  putting  in  the  lining.  The 
lead  can  easily  be  driven  back  into 
the  cavities  with  an  ordinary  round- 
headed  hammer  or  mallet.  The 
lead  is  secured  to  the  bull's  eyes,  as 
shown  in  Fig.  Hi,  with  IJ-inch  brass 
screws  having  tinned  heads.  These 
support  the  lining  and  prevent  its 
bu  Iging.  inwards.       In   tliis   tank  p,Q   „ 

there  is  one  bull's  eye  in  the  middle 

of  each  end  and  two  in  each  side,  making  six  in  all.  After 
the  bnll's  eyes  are  soiled,  scraped,  and  greased  the  tank  is 
ready  for  wiping. 

15.  The  helper  brings  up  the  fire-pots,  solder  pots,  and 
tank  irons,  and  then  opens  the  attic  windows  for  ventilation. 
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A  pouring  stick  is  made  by  cutting  a  piece  of  soft  pine 

to  t!ie  shape  shown  in  Fig,  17.     The  plumber  picks  out  his 

wiping  cloth,   which    is   abont   2i   inches   square   and   the 

thickest  one  in  the  bag,  and  lays 

it  on  a  brick  by  the  fire  to  soften, 

for,   being   soaked  with   mutton 

tallow,    it    is   quite    hard   when 

cold.     Being   satisfied    that    the 

metal  is  good,  he  enters  the  tank. 

The  helper  hands  him  the  ladle, 

cloth,    shave    hook,    a    piece    of  ^'°- " 

paper,  the  pouring  stick,  two  bricks,  and  finally  the  metal 

pot,  which  the   plumber  stands  on  the  bricks,  the  wiping 

cloth  being  laid  by  its  side. 

16.    With  the  pouring  stick  in  his  left  hand  and  ladle 
in  his   right,   the  plumber    pours   molten    solder   into   the 


angle,  as  shown  in  Fig.  18,  the  stick  being  used  to  guide  the 
stream  to  the  desired  parts.     He  does  not  pour  it  all  on  one 
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spot,  but  spreads  it  over  the  entire  length  and  breadth  of 


the  vertical  cleaning,  ^uring  on  more  and  more  until  the 
seam  becomes  so  hot  that  the  solder  becomes  plastic,  and 


Fir,,  to 
tends  to  run   down.     The  helper  then  pulls  a  red-hot  tank 
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iron  out  of  the  fire,  cools  the  handle  in  a  pail  of  water,  and 
rubs  the  scales  off  the  red-hot  head  with  the  edge  of  an  old 
file;  he  then  hands  the  iron  to  the  plumber,  who  is  now  busy 
keeping  up  the  plastic  solder,  as  shown  in  Fig.  19.  The 
tank  iron  is  rubbed  up  and  down  the  seam  to  keep  the 
solder  plastic  and  to  thoroughly  tin  the  cleaning.  The 
ctoth  is  used  to  keep  up  the  viscous  mass  and  push  it 
into  the  seam,  as  shown  in  Fig.  20.  This  operation  must 
be  continued  until  the  seam  is  thoroughly  tinned,  which 
can  be  determined  by  the  plastic  solder  clinging  to  the 
cleaning. 

17.  The  seam  being  properly  heated  and  thoroughly 
tinned,  and  having  a  good  thickness  of  plastic  solder  all  over 
its  length  from  the  top  of  the  tank  to  nearly  the  bottom,  the 
plumber  immediately  proceeds  to  form  and  finish  the  seam  by 


wiping  down  from  the  top,  as  shown  in  Fig.  21,  with  his  middle 
finger  bearing  heavily  on  the  center  of  the  cloth  to  curve  it. 
The  tank  iron  and  cloth  are  alternately  applied  to  the  seam, 
the  former  to  melt  the  solder  and  the  latter  to  work  it  into 
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shape,  until  the  bottom  is  reached,  when  the  plumber  receives 
another  hot  iron  and  returns  the  cold  one  to  the  helper  for 
reheating.  The  surplus  metal  from  the  vertical  seam  (now 
wiped)  is  pushed  into  the  horizontal  angle,  where  it  is  melted 
by  molten  solder  being  poured  on  it.     The  tank  iron  is  then 


used  to  keep  up  the  heat,  and  the  cloth  to  press  the  solder 
into  the  seam  and  to  wipe  it  into  proper  shape.  The  plumber 
stops  wiping  when  he  reaches  the  intersection  of  the  hori- 
zontal end  seam  with  the  countersunk  seam,  where  he  pastes 
on  a  piece  of  paper,  as  shown  at  a  in  Fig.  33. 

18.  The  helper  picks  up  the  loose  solder  and  takes  away 
tlie  pot  to  reheat  it;  he  then  hands  in  the  other  pot,  and  the 
plumber  wipes  the  other  corner  seam  in  precisely  the  same 
manner  as  described.  But,  when  he  joins  the  new  wiping 
ti)  the  old  one,  he  finds  the  piece  of  paper  at  a.  Fig.  ^3,  to  be 
very  convenient,  for  it  prevents  the  solder  from  overlapping 
the  wiping  and  adhering  to  it.  A  neat  connection  is  there- 
fore obtainable.  This  time  he  finishes  wiping  somewhere 
near  ^on  the  countersunk  seam.  The  other  end  of  the  tank 
is  wiped  and  finished  in  a  similar  manner, 
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19.  The  countersunk  seam  is  easily  wiped.  Molten 
solder  is  poured  into  it  until  the  groove  overflows.  The 
tank  iron  and  cloth  are  used  in  a  manner  similar  to  that 
already  explained.  The  chief  difference  lies  in  the  fact 
that  this  seam  is  wiped  flush  with  the  tank  bottom.  The 
seams  being  all  wiped,  the  helper  picks  up  the  surplus  metal 
all  over  the  tank  and  melts  it  again  for  use  in  wiping  the 
bull's  eyes.     Fig.  33  shows  how  this  is  done,     A  newspaper 


is  pasted  to  the  lining  below  the  bull's  eye  to  catch  any 
falling  solder.  The  plumber  splashes  the  solder  into  the 
cavity  with  a  splash  stick.  When  the  bull's  eyes  are 
thoroughly  tinned,  they  are  wiped  flush  with  the  face  of  the 
lining,  and  the  screw  heads  are  thus  protected  from  the 
water.  This  finishes  the  wiping  of  the  tank,  which  is  now 
swept  clean:  the  lining  is  then  beaten  back  with  the  lead 
flap  previously  used  until  it  is  against  the  woodwork. 

20.  The  corner  pieces  on  top  of  the  tank  are  now  put 
in;  they  are  soldered  on  with  the  copper  bit,  and  the  tank 
is  ready  for  its  braces,  which  are  put  in  place  and  carefully 
bolted  up  tight;  the  tank  is  then  ready  for  its  connections. 
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31.  Fig.  24  shows  an  inside  corner  of  a  lead-lined  tank 
in  which  the  base  of  the  upright  corner  seam  joins  two  hori- 
zontal corner  seams.  In  wiping  such  atanlc,  it  is  customary 
to  begin  at  the  top  of  the  vertical  seam  and  work  down  to 


its  bottom,  as  previously  mentioned,  and  then  to  wipe  along 
toward  the  right  hand  about  6  inches  or  1  foot,  as  shown 
at  (?.  Wiping  is  then  commenced  at  b  and  continued  toward 
the  left  until  the  seam  is  wiped  alt  around  the  bottom, 
finishing  at  a. 


I-INrNG  TANKS  WITH  COPPER 

33.  While  it  seems  somewhat  illogical  to  consider  the 
lining  of  tanks  with  sheet  copper  under  the  heading  of 
Lead  Work,  nevertheless,  the  similarity  of  the  work  to  that 
done  in  lead  lining  warrants  it  being  considered  here  in  order 
to  avoid  repetition. 

Ill  lining  house  tanks  with  sheet  copper,  the  seams  that 
can  be  made   in  a  horizuiilal  {Hisition  are  usually  soldered 
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with  a  bit,  but  al!  upright  seams  that  must  be  made  in 
position  should  be  wiped  in  a  manner  similar  to  that  already 
described,  with  this  difference,  that  no  soil  is  used.  If  a 
tank  iron  is  used  to  maintain  the  heat  of  the  seams  while 
wiping  them,  a  strip  of  paper  should  be  pasted  on  the  copper 
for  the  same  purpose  that  soil  is  used  on  lead.  If  a  gasoline 
torch  is  used  to  raise  the  heat  of  the  seam,  the  tinned  surface 
of  the  copper  is  left  uncovered. 

33.  The  seams  of  copper  linings  should  always  be  locked, 
or  double  seamed,  in  such  a  manner  that  the  tinned  sur- 
■  face  of  the  copper  will  come  together  in  the  lock.  If  the 
copper  sheets  are  not  tinned,  the  edges  must  first  be  tinned 
to  a  suitable  width  with  the  copper  bit,  using  chloride  of 
zinc  as  the  flux.  The  upright  seams  are  secured  to  the 
tank  with  tinned  nails  to  prevent  their  bulging  while  being 
wiped. 

The  application  of  the  solder  to  the  seams  and  the  wiping 
of  them  are  the  same  as  for  those  in  lead-lined  tanks,  except 
that  the  solder  must  be  worked  ahead,  as  otherwise  it  will 
adhere  to  the  tinned  surface  of  the  copper  sheets.  If  a  tank 
that  is  lined  with  tinned  copper  is  properly  wiped,  the  seams 
will  be  smooth  and  almost  invisible. 

24-.  The  thickness  of  tank  linings  should  vary  with  the 
depth  of  the  water.  For  a  tank  about  4  feet  deep, 
16  or  30  ounce  copper  or  6  or  7  pound  sheet  lead  is  con- 
sidered the  proper  weight.  If  the  tank  is  deeper,  heavier 
material  should  be  chosen.  The  size  of  the  parts  into  which 
the  lining  is  divided  is  governed  by  their  weight  and  the 
facilities  at  hand  for  lifting  and  handling  them,  etc.  In 
the  case  of  large  surfaces,  bull's  eyes,  or  solder  dots,  as 
they  are  often  called,  should  be  located  from  2  to  3  feet 
apart  for  lead  linings  and  from  3  to  4  feet  apart  for  copper 
linings. 

25.  In  laying  out  the  copper  lining,  it  is  advisable,  if 
possible,  to  arrange  the  sheets  so  that  no  wiped  seams  are 
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necessary.     This  can  always  be  accomplished  in  tanks  that 

can  be  turned  over  on  their  sides,  .  Other  tanks  will  have  at 
least  one  uprin;ht  seam 
that  should  be  wiped 
instead  of  soldered. 
All  copper-bit  seams 
should  be  on  hori- 
zontal surfaces,  ns  on 
the  bottom  in  large 
tanks,  and  away  from 
angles,  as  shown  at  a, 
b,  and  c.  Fig.  25,  and. 
they  must  all  be  locked 
seams  to  give  satisfac- 
tion. In  making  the 
seam  b,  Fig,  25,  the 
sheet  should  be  cut  as 
shown  in  Fig.  2G.  The 
dotted  lines  show 
where  the  sheet  should 

be"  bent.      The   miter  cut   at   a   when  closed   and   locked 

forms   the   miter   seam  /'  in    Fig.   25. 


136.  In  lining  tanks 
with  copper,  the  sides 
and  ends  are  lined 
first,  the  base  of  these 
sheets  being  lapped 
over  on  the  bottom 
of  the  tank,  as  shown 
at  e  and  /  in  Fig.  25. 
After  the  sides  are 
finished,  the  bottom 
piece  g  is  laid  in 
place  and  locked  all 
around,   as   at    a.     All 


Homoi^al  Corrjer 


the  seams  are  then  thoroughly  Halleiied  with  a  mallet  and 
soldered. 
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bixx;k.tin  lining 
27.  Block  tin  is  seldom  used  by  plumbers  except  for 
making  solder  or  in  the  form  of  pipes.  The  pipes  are  bent 
and  otherwise  worked  in  a  manner  similar  to  lead  pipes. 
For  covering  the  top  boards  of  pantry  sinks,  etc.,  sheet  tin 
rolled  from  pure  block  tin  is  preferable  to  lead,  zinfc,  or 
copper.  It  tarnishes  very  slowly,  is  easily  kept  clean,  is 
durable,  and  easily  receives  a  high  polish  that  makes  it 
resemble  silver. 


28,  In  Fig.  -27  is  shown  the  manner  of  cutting  the 
block-tin  sheet  to  cover  the  wooden  top  of  a  pantry  sink, 
which  is  shown  by  the  dotted  lines.     The  sheet  is  cut  at  a 


— [ ' 


and  A  larger  than  the  top,  and  at  c  and  ./smaller  than  the 
hole  in  the  top,  so  that  it  may  be  bent  around  the  edges 
and  nailed  underneath,  as  shown  in  the  section  at  the  right. 
Sufficient  metal  is  left  on  at  c  and  /  to  form  upstands  or 
splash  plates,  e  being  of  such  a  shape  tha*  when  the  plates 
are  turned  up,  the  part^  can  be  bent  around/to  form  a  lap 
joint  in  the  corner.  This  joint  is  then  neatly  soldered  with 
the  blowpipe. 

The  sectional  view  shows  the  top  covered  and  e  and _/" bent 
lip  in  position.  The  tin  can  be  bent  neatly  over  the  outside 
corner  /;   by  smoothing  it  down  with  a  hot  flatiron.     The 
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margin  of  tin  allowed  at  c  and  d  can  be  worked  down  and 


under  the  cover  by  means  of  a  warm,  smooth  round  bar  a  ii 
Fig.  28,  which  shows  the  manner  of  applying  it. 


DETAILS    OF    HUEET-LEAD    WORK 


MAKING   UPSTAND9 


!39.  Angles,  or  upstands,  in  sheet  lead  may,  if  the 
sheet  is  small,  be  bent  over  the  edge  of  a  plank,  as  shown  in 
Fig.  29,  the  dresser  being  used  to  flatten  the  lead  against 


the  pl.ink  and  thus  make  a  neat  corner.     It  should  not  be 
bent  over  a  sharp  iron  edge,  because  this  edge  will  cut  into 
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the  lead  and  weaken  it  at  the  comer,  as  shown  at  a,  Fig.  30. 

Sheet  lead  should  always  be  bent  over  a  rounded  edge,  and  the 

dresser  should  not  be  applied  to  the 

edge,  but  only  to  the  flat  surfaces. 

This  will  leave  the  edge  as  strong  as 

the  sheet;  the  edge   will  have  the 

appearance  shown  at  ^. 

Care  must  be  taken  to  bend  up 
the  sheet  so  that  it  will  be  a  tight 
flt  when  put  in  place.  Inexperi- 
enced sheet -lead  workers  usually 
put  the  lead  in  too  small  and  then 
drive  the  corners  back,  which 
stretches  the  lead  at  the  corners  and  often  tears  it.  A  good 
plumber  never  stretches  sheet  lead.  He  rather  works  to 
thicken  it. 


FORMING    CORNERS 

30.    Plg-EaiiUK  Comers. — A  simple  method  of  form- 
ing the  corner   in   an    upstand,  as  occurs  for  instance   in 


r  a  rounded  edge,  and  the 


safes  on  cheap  jobs,  is  known  to  the  trade  as  piK-earIng: 
corners.      The   upstands   are    bent    up,    as    at  a  and   &, 
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Fig.  31,  folding  the  corners  c,  c  into  a  shape  like  a  pig's 
ear.  This  ear  is  then  flattened  and  bent  around,  as  shown 
in  Fig.  33,  to  form  a  water-tight  corner.     On  the  better 


class  of  work,  however,  these  corners  are  worked  up 
and  the  surplus  metal  is  cut  off  instead  of  being  bent 
around. 

31.    Worklug  Comers. — The  working  of  corners  requires 
more  skill  than  pig  earing,  but  it  is  better  and  neater  and 
indicates  the  work  of  a 
skilled  mechanic.     Sup- 
pose a  safe  is  to  be  laid 
on  the  floor  of  the  re- 
cess shown  in  Pig.  33. 
The  lead  is  cut  to  the 
proper     size,    allowing 
3   inches   for    upstands 
around  the  sides  a,    b, 
and  c,  and  also  for  the 
front,     which     permits 
the  lead    to    be  folded 
1  inch  over  the  top  of 
the  strip  of  wood  rfthat 
is  2   inches   high.     All 
four  upstands  are  bent  up,  pig  earing  each  corner,  as  shown 
in   Fig.  34.     Then  the  bottom  near  each  corner  is  bulged 
up  with  the  mallet  to  stiffen  the  sheet.     The  pig  ear  is  made 
up  of  easy  curves.     A  block  of  wood  or  the  head  of  a  mallet 
is  held  into  the  corner  and  the  surplus  metal  in  the  pig  ear 
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is  gradually  beaten  up  with  the  handle  of  the  dresser,  striking 
the  blows  in  the  direction  of  the  arrows  shown  in  Fig.  34. 
The  mallet  is  used  to  keep  out  kinks,  and  the  dresser  handle 


to  Knock  the  surplus  metal  up  into  the  ear  a,  which  when 
high  enough  is  cut  off  with  a  knife  and  finally  dressed  to  the 


form  of  a  seamless  square  corner,  as  shown  at  6.  The  ear 
that  was  cut  off  i  is  shown  at  c.  If  the  corner  is  properly 
worked,  it  will  not  bq  much  thinner  than  any  other  part  of 
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the  sheet.  If  the  fillet,  or  strip,  d.  Fig.  33,  is  beveled 
inside,  the  front  corners  can  be  worked  in  place.  If  it 
is  square  inside,  the  corners  should  be  worked  up  2  inches 
and  then  finished  and  trimmed  in  place.  Fig.  35  shows 
a  neat  method  of  finishing  at  the  end  of  the  fillet. 
There  is  no  joint  or  seam,  the  lead  being  neatly  worked 
into  the  corners.  The  edges  of  the  safe  are  nailed  all 
around  to  the  wall  with  brass  or  copper  flat-  or  round- 
head tacks,  as  shown.  The  corners  shown  in  Fig.  31  are 
called  outside  corners,  and  are  more  common  than  inside 
corners. 


33.  A  good  way  to  work  up  an  inside  comer  is  to  first 
cut  the  lead  so  that  a  surplus  will  be  allowed  at  a.  Fig.  36, 
sufficient  to  compensate  for  the  stretching  that  naturally 
occurs.  In  Fig.  36,  b  is  the  body  of  the  sheet  and  the 
parts  c,  c,  c  are  to  be  bent  up  at  the  dotted  lines.  The  inside 
corner  is  located  at  d.     The  upstands  are  bent  up  as  close 


to  the  corner  as  they  will  go  by  hand.  The  sheet  is  then 
bulged  up  at  e  andy,  to  stiffen  it.  A  mallet  is  now  used 
to  drive  the  surplus  uniformly  into  the  corner,  so  as  to 
thicken  rather  than  thin  the  metal.  It  must  be  worked  in 
easily,  uniformly,  and  steadily,  without  distorting  the 
general  form  of  the  sheet,  and  great  care  must  be  taken  to 
avoid  tearing  the  lead.  If  the  outside  corner  is  close  to  the 
inside  corner,  as  shown  in  Fig.  3'i,  some  of  its  surplus  metal 
can  be  worked  toward  the  inside  corner. 


D.qit.zeaOvGoOt^lc 


§  17  LEAD  WORK  27 

LEAD-PIPE  WOIIK 
HAKDIiDra  LEAD  PIPE 

STRAIGHTENING  L.EAD  PIPE 

33.  The  stralgrhtenlug  of  lead  pipe  is  usually  accom- 
plished by  stretching,  rolling,  or  by  drift  plugs.  If  the  pipe 
is  long  and  of  small  diameter,  it  can  be  stretched  out  straight 
like  a  rope,  If,  however,  it  is  short  and  of  considerable 
thickness,  as  water  pipe,  for  instance,  it  can  be  straightened 
by  rolling  on  a  flat  surface  and  by  driving  down  the  irregu- 
larities witha  blockof  soft  wood  and  a  hammer.  Thin  waste 
pipes,  however,  if  badly  bruised  and  flattened,  must  be  first 
straightened  in  a  general  way  and  then  a  drift  plug  should 


be  driven  through  to  push  out  the  kinks  and  give  the  pipe 
an  equal  and  full  bore  throughout  its  length.  Fig.  37 
shows  how  the  kinks  at  ti  are  removed.  A  small  drift 
plug  d,  well  greased,  and  followed  by  a  drift  plug  c,  which 
fits  the  full  bore  of  the  pipe  snugly,  is  forced  through  the 
pipe  by  repeated  blows  from  a  wooden  rod  or  piece  of  iron 
pipe  (/.  Occasionally,  it  is  necessary  to  help  the  plugs 
through  by  beating  or  dressing  the  kinks  around  the  plugs, 
and  thus  easing  them. 
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CUTTING  AND  CABRVINfJ   LEAD  PIPB 

34.  Small  sizes  of  lead  pipe,  calle<l  tubitiffi  ^re  cut  with 
a  pocket  knife;  larger  sizes  are  cut  with  a  saw.  In  cutting 
pieces  off  a  coil,  care  should  be  taken  to  leave  the  end 
straight  for  a  few  inches.  While  cutting  lead  waste  pipe,  it 
is  necessary  to  be  careful  not  to  kink  it. 

35.  Coils  are  usually  rolled  from  place  to  place,  but 
when  it  is  necessary  to  carry  one,  the  weight  should  be 
taken  on  the  shoulder  and  the  back  should  be  kept  straight, 
otherwise  the  back  may  be  strained.  The  proper  way  to 
carry  a  length  of  waste  pipe  is  to  spread  out  the  arms  so 
that  the  hands  will  be  about  as  far  apart  as  half  the  length 
of  the  pipe;  the  person  should  be  in  the  center  of  the 
length. 

BENDIKG    LEAD   PIPES 

PLAIN  HEN  DING 

36.  Fig.  38  shows  how  water  pipes  are  bent  by  hand. 


The  left  hand  pushes  down  on  the  place  where  the  pipe 
should  be  bent,  and  the  right  hand  pulls  up  the  pipe  and 


joovGoot^lc 


§  17  LEAD  WORK  -  89 

forms  the  bend,  as  shown.  If  the  pipe  a  is  too  short,  a  bend- 
ing pin  is  pushed  in  the  end  and  used  as  a  lever  for  pulling 
it  up.  It  is  not  necessary  to  fill  the  bore  of  water  pipes 
before  bending,  because  the  lead  is  thick  enough  to  prevent 
the  pipe  from  flattening  at  the  bend. 

37.  Lead  pipe  of  the  grades  A  A  A,  A  A,  A,  or  B  is 
frequently  bent  over  the  knee  or  over  a  rounded  block  with- 
out materially  distorting  the  circular  section  of  the  pipe 
unless  the  bend  is  a  very  sharp  one,  in  which  case  care  must 
be  taken  to  prevent  the  pipe  from  kinking  or  flattening  side- 


SAND  BENDING 

38.  Large  pipes  and  those  made  of  thin  material  may  be 
bent  and  kinking  avoided  by  filling  them  with  dry  sand  and 
thoroughlyramming  it. 
There   is  an  objection 
to  bending  pipes  in  this 
manner,     however, 
that  metal  forming  the 
outer  curve,  or   heel, 
of  the  bend  is  stretched 
and    made    t  h  i 
while  that  forming  the 
inner  part,  or  hass,  t 
compressed  and  thick- 
ened,    as     shown 
Fig.  39.     The  gain  of 
metal   in    the    hass 
slight   compared    with  '"' 

the  loss  of  metal  at  the  heel.  The  heel,  consequently,  is  the 
weakest  part  of  the  pipe.  To  avoid  this,  the  bend  should 
have  as  easy  a  curve  as  possible.  Lead  waste  pipes  having 
a  diameter  greater  than  'i  inches  should  not  be  bent  with 
sand  unless  the  bends  are  very  easy, 

39.  Fig.    40    shows    an    offset    made    on    a    piece    of 
^-inch  lead  waste  pipe.     The  bend  a  shows  that  the  sand 

63—20 


ed  by  filling  them  with  dry  sand  and 
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has  not  been  properly  packed  and  that  it  has  yielded 
and  been  displaced.  At  b  is  shown  a  bend  in  a  well- 
packed  pipe.  The  heel  of  b  will  be  much  thinner  than 
that  of  a. 

The  wooden  sand   plugs  c,  c  are  driven  into  the  ends  of 
the  pipe,  not  only  to  keep- in  the  dry  sand,  but  also  to  give 


^ 


more  leverage  in  bending  the  pipe;  the  bend  can  also  be 
made  nearer  the  end,  which  is  often  desired.  By  heating 
the  sand  immediately  before  pouring  it  into  the  pipe,  the 
bends  can  be  made  more  easily. 


PENDINQ  WITH  A  COILED  SPRING 

40.  Sometimes  a  close-coiled  steel  spring  is  used  for 
bending.  This  is  well  greased  and  placed  inside  the  pipe 
where  the  bend  is  required;  the  pipe  is  then  bent  over  the 
knee  like  a  water  pipe.  This,  however,  makes  a  very 
thin  heel  and  is  no  better  than  sand  bending.  It  is  often 
used,  however,  for  1},  \\,  and  3  inch  waste  pipe.  To 
remove  the  spring  after  the  pipe  is  bent,  simply  unscrew  it, 
i.  e.,  twist  it  to  the  left,  if  the  spring  is  coiled  right-handed, 
which  makes  it  smaller  in  diameter.  By  pulling  and  twist- 
ing, it  will  come  out. 
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BENDING  ^VITH  BOBBINS 

41.  A  much  used  method  of  taking  out  the  kinks  in  lead 
waste  pipes  is  by  means  of  wooden  balls  called  bobbins. 
Fig.  41  shows  the  manner  of  doing  this.  After  the  pipe 
has  been  bent  in  the  usual  way  (over  the  knee  or  block)  dif- 
ferent sizes  of  bobbins  are  inserted,  after  having  been  well 
greased,  beginning  with  the  smallest  one  and  following  it 
up  in  regular  order  with  the  larger  ones,  as  shown  in  the 
illustration.  After  the  bobbin  a,  whose  diameter  is  the 
same  as  that  of  the  pipe,  has  been  inserted,  a  number  of 
bobbins^,  b,  called  the  followers,  are  inserted.     These  are 


of  smaller  diameter  than  the  pipe,  so  that  when  the  largest 
bobbin  a  is  driven  through  and  out  of  the  pipe  by  ramming 
the  bobbin  with  a  rod  c,  the  followers  will  drop  out  easily. 

If  heat  be  applied  at  the  throat,  as  at  d,  it  will  soften  the 
lead  at  this  point  and  thereby  cause  it  to  yield  more  easily  to 
the  outward  pressure  of  the  bobbins  and  cause  less  thinning 
of  the  heel,  particularly  if  the  heel  be  kept  cool  with  a  wet 
cloth.  The  superfluous  lead  on  the  sides  can  be  dressed 
back  to  the  heel.  This  will  somewhat  make  up  for  the  loss 
in  thickness  of  this  part,  which  is  caused  by  the  pressure  of 
the  bobbins  as  they  are  driven  around  the  curve. 
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BO»SIXG  OUT  BENDS 

42.     A  process  of  driving  out  the  kinks  formed  in  the 
hass  during  the  bending  of  lead  pipe,  using  a  bent  rod,  or 


a  dummy,  is  known  as  bousing  out.     Fig.  42  shows  how  the 


kinks  are  driven  out.     The  <liiinn 
piece  of  cane  about  10  inches  long  a 


which  is  simply  a 
upplied  with  a  lead 
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head,  is  applied  to  the  kinlts,  which  are  heated  from  the  out- 
side with  a  gasoline  torch  to  soften  the  lead;  the  kinks  are 
then  easily  driven  out.  Care  must,  of  course,  be  taken  not 
to  melt  the  lead. 

43.  If  the  pipe  is  too  small  to  work  the  hand  freely,  a 
long  bending  pin,  made  out  of  J  or  j  inch  pipe,  is  used, 
as  shown  in  Fig.  43.  The  point  should  be  rounded  off  with 
a  file.  The  kinks  can  then  be  driven  out  by  hammering  on 
the  pin,  as  shown. 

4:4c.  If  the  bend  is  quite  far  from  the  end,  say  18  inches 
or  more,  it  is  advisable  to  use  a  long  dummy  and  a  fulcrum, 


as  shown  in  Fig.  44.  A  sudden  jerk  downwards  on  the 
end  a  will  throw  up  the  loaded  end  i  with  great  velocity  and 
will  drive  the  kink  c  in  the  pipe  outwards. 

45.  In  all  these  methods  of  driving  out  the  hass,  the 
operations  of  bending  up  and 
bossing  out  are  applied  alter- 
nately until  the  bend  is  worked 
up  to  the  desired  angle.  In 
bending  the  pipe,  the  sides 
bulge  out  a  little,  as  shown  in 
Fig.  45;  these  bulges  should 
be  driven  in  with  the  dresser 
in   such   a    manner   that   the  pio.  u 
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surplus  metal  at  a  will  be  worked  over  to  the  heel  l>  of 
the  bend.  The  ar- 
rows show  the  direc- 
tion of  the  blows  of 
the  dresser.  A  good 
mechanic  can  thus 
make  the  heel  the 
thickest  part  of  the 
bend. 

46.  Fig.  46  shows 
a  well-made  lead 
bend,  in  which  the 
heel  is  thickest.  It 
is  found  to  be  supe- 
'''""  ■"  rior  in  every   respect 

to  a   sand-made   bend,    but    it   is  also   more   costly. 


I.EAD  BURNING 


APPARATUS 

THE  I'ltOCESS 

47.  The  process  called  burning^  is  used  for  joining  the 
edges  of  lead  sheets  or  pipes  without  solder.  The  edges 
are  fused  to  an  extent  that  permits  the  parts  to  unite  and 
form  one  solid  piece  when  cooled.  This  process  is  known  as 
the  aiitojcenous  process,  and  although  it  has  been  prac- 
ticed for  centuries,  it  is  used  far  less  at  the  present  day 
than  it  should  be.  It  afEords  a  quick  and  cheap  method  of 
making  lead  joints  of  the  most  durable  character,  and  it 
may  be  used  with  profit  in  many  cases  instead  of  the  solder- 
ing process  now  commonly  employed. 

Stildcr  cannot  be  used  for  joints  that  are  exposed  to  con- 
tact with  acids,  because  most  of  the  ordinary  acids  will  dis- 
solve the  tin,  of  which  the  solder  is  in  part  c 
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Tanks  that  are  used  for  the  manufacture  or  storage  of 
acids,  or  acid  salts,  or  for  the  storage  of  mineral  oils, 
petroleum,  etc.,  are  usually  lined  with  lead.  The  joints  in 
these  linings  and  in  all  of  the  lead  pipes  that  are  used  for 
the  same  purpose,  must  be  made  by  burning. 

The  operation  is  performed  by  melting  the  edges  to  be 
joined,  a  drop  at  a  time,  by  means  of  a  blowpipe.  It  is 
essential  that  the  flame  used  shall  not  oxidize  or  tarnish  the 
metal.  If  the  drop  of  melted  metal  does  oxidize,  it  will  not 
unite  with  the  solid  parts,  and  the  joint  will  be  a  failure. 

The  most  certain  and  convenient  way  to  secure  a  non- 
oxidizing  flame  is  to  use  hydrogen  gas  mixed  with  air  to 
supply  the  blowpipe.  Other  methods  may  be  employed,  but 
none  are  so  convenient  as  the  hydrogen-gas  process. 


THE  GENERATOR 

48.  The  apparatus  required  for  lead  burning  consists  of 
a  gas  generator,  an  air  pump  and  storage  tank,  or  holder, 
and  a  compound  blowpipe.  The  internal 
construction  of  a  generator  and  gas  holder 
is  shown  in  Fig.  47.  The  gas  generator 
consists  of  an  open  chamber  a,  which  is 
lined  with  lead,  and  a  lower  chamber  b, 
also  lined  with  lead,  which  is  made  air, 
or  gas,  tight.  A  perforated  pan,  or  tray, 
c  is  suspended  1  inch  or  more  above 
the  bottom.  The  upper  and  lower 
chambers  are  connected  by  a  lead  pipe  d 
that  extends  below  the  pan  c,  as  shown. 
The  chambers  are  protected  by  a  stout 
wooden  casing  against  injury  or  accidents; 
the  casing  also  serves  to  retain  the  heat 
that  is  generated  In  b  while  making  gas.  '''°'  " 

The  gas  passes  upwards  through  the  bent  pipe,  which  dips 
about  \  inch  below  the  water  that  is  contained  in  the 
chamber  e.  Thus  the  gas  is  compelled  to  bubble  upwards 
through  the  water  before  it  passes  out  of  the  cock_/'to  the 
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blowpipe.  This  arrangement  constitutes  a  fire-trap  that 
iwill  prevent  an  explosion  in  the  hose  from  firing  the  gas  in 
the  machine.  In  order  to  regulate  the  height  of  the  water 
in  e,  a  small  petcock,  or  plug,  g  is  provided. 

49.  To  make  gas,  a  quantity  of  commercial  zinc  in 
lumps  from  1  to  S  inches  long  is  placed  in  the  copper  pan  c. 
The  plug  h  is  then  screwed  into  place  and  made  gas-tight, 
and  the  gas-cocky" is  opened.  Having  previously  ascertained 
by  experiment  the  quantity  of  water  that  will  exactly  fill 
the  chamber  h,  a  mixture  of  5  parts  of  water  and  1  part,  by 
volume,  of  commercial  sulphuric  acid  is  prepared.  A  quan- 
tity of  this  mixture  that  will  just  fill  the  chamber  b  is  then 
poured  into  the  upper  chamber  a  and  allowed  to  flow  into  b. 
The  generation  of  gas  will  begin  as  soon  as  the  acid  mixture 
encounters  the  lumps  of  zinc  in  the  pan  c,  but  as  the  cocky 
is  open,  the  liquid  will  all  flow  into  and  entirely  fill  b,  thus 
forcing  the  air  in  b  to  the  atmosphere. 

When  b  has  been  entirely  filled,  that  is,  when  all  the  liquid 
poured  into  a  has  flowed  into  b,  and  gas  and  liqm'd  spurt 
out  of  the  cocky,  the  cock  is  closed,  and  the  rubber  tubing 
that  is  to  conduct  the  gas  to  the  blowpipe  is  then  attached 
toy.  The  gas  generated  in  b  will  now  rise  to  the  surface, 
and  by  accumulating  there  will  force  the  liquid  up  the  tubcf/ 
and  into  (7.  The  pressure  of  the  gas  will  incre.ise  with  the 
height  of  the  liquid  column  in  d  and  a.  As  soon  as  the 
liquid  in  b  is  forced  below  the  perforated  pan,  the  formation 
of  gas  will  cease,  and,  of  course,  at  this  point  the  maximum 
pressure  of  the  gas  will  be  obtained.  The  machine  will  then 
be  ready  (or  use. 

The  object  of  blowing  the  air  out  of  b  before  allowing  gas 
to  accumulate  is  to  prevent  a  mixture  of  air  and  gas,  which 
is  explosive,  and  which,  if  ignited,  may  blow  the  machine  to 
pieces  and  injure  or  probably  kill  the  workman, 

50.  The  machine  should  not  be  allowed  to  stand  over 

night  with  a  charge  of  liquid  in  it,  because  it  will  clog  up 
with  a  deposit  of  sulphate  of  zinc.     As  soon  as  the  workman 
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is  finished  for  the  day,  the  drain  plug  i  should  be  removed 
-  and  the  apparatus  emptied  of  liquid.  Twq  pails  of  clean 
water  shoul<)  be  run  through  it  to  remove  the  deposits  and 
cleanse  it. 

The  utmost  care  must -be  taken  to  keep  the  chamber  b 
perfectly  air-tight.  Its  tightness  should  be  frequently 
tested  by  shutting  the  cock  /and  filling  the  upper  chamber 
with  clean  water,  allowing  it  to  stand  for  at  least  1  hour  and 
taking  note  of  the  exact  height  of  the  water.  If  the  water 
sinks  during  the  test,  a  leak  is  surely  indicated,  and  if  a 
leak  exists,  the  machine  must  be  examined  until  the  leak  is 
found  and  repaired.  A  very  slight  leak  may  cause  a  dis- 
astrous explosion. 

The  zinc  that  is  used  for  making  gas  should  be  of  the 
ordinary  commercial  quality.  Pure  zinc  works  very  slowly 
and  is  not  satisfactory.  About  3  ounces  of  zinc  will  furnish 
1  cubic  foot  of  gas.  The  charge  of  zinc  should  be  about 
20  to  25  pounds  for  a  machine  that  is  intended  to  run  all  day. 

61.  A  generator  of  convenient  size  is  about  10  inches 
square  and  33  to  36  inches  high.  A  larger  machine  would 
be  advisable  for  heavy  work.  If  the  amount  of  liquid  con- 
tained in  a  generator  is  small  in  proportion  to  the  amount  of 
zinc,  it  will  soon  become  saturated  with  the  sulphate  of  zinc 
that  is  formed  during  the  process  of  making  gas,  and  the 
evolution  of  the  gas  will  cease.  Considerable  heat  is  liber- 
ated while  the  gas  is  forming,  and  the  generator  works  best 
while  hot.  As  soon  as  the  temperature  falls,  the  sulphate 
will  begin  to  crystallize  and  will  form  a  coating  all  over  the 
pieces  of  zinc;  it  may  clog  up  the  holes  in  the  pan  c,  or  it 
may  even  choke  up  the  inner  end  of  the  delivery  pipe  d. 

This  clogging  may  occur  while  the  workman  is  away  at 
dinner.  If  the  liquid  is  not  nearly  saturated  with  sulphate, 
or  spent,  as  it  is  called,  it  should  be  driven  back  into  the 
upper  chamber  by  attaching  the  air  pump  to/" and  pumping 
air  into  b\  by  inserting  a  wooden  plug  in  the  top  of  d,  the 
liquid  can  be  held  in  «  as  long  as  desired.  Then  the  zinc 
can  be  taken  out  and  washe<l  clean  with  hot  water.      Care 
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must  be  taken  to  force  the  air  out  of  the  machine,  as  pre- 
viously directed,  before  resuming  work. 

Explosions  of  hydrogen  gas  mixed  with  air  are  very 
violent,  and  care  must  be  taken  at  all  times  to  keep  away 
all  lights  or  fires  from  the  vicinity  of  the  generator  while 
opening  it  or  while  blowing  out  any  gas.  This  danger  is 
probably  the  chief  drawback  to  the  use  of  the  machine,  but 
in  the  hands  of  careful  workmen  no.  trouble  is  likely  to 
happen.  

THE  AIR  SXTPPLY 

63.  The  air  supply  necessary  to  operate  the  blowpipe 
may  be  furnished  by  a  bellows  or  a  blower,  or  almost  any 
kind  of  a  pump,  but  to  operate  the  blow- 
pipe to  the  best  advantage,  the  air  blast 
should  be  perfectly  steady  and  smooth.  A 
good  way  to  obtain  a  proper  blast  is  to 
use  the  air  holder  shown  in  Fig.  48.  This 
consists  of  a  hollow  cylinder  a  of  galva- 
*  nized  iron,  open  at  the  lower  end,  which  is 
immersed  in  a  tank  of  water.  The  outer 
tank  b  should  be  about  1  inch  larger  in 
diameter  than  a.  The  cylinder  a  should 
be  confined  by  suitable  guides,  so  that  it 
cannot  tip  sidewise  and  bind.  The  air 
cocks  may  be  attached  to  the  top  of  a. 
The  pressure  of  the  blast  may  be  regu- 
lated by  placing  more  or  less  weight  on 
^°-^  the   top   of   the   floating   cylinder.     One 

of  the  air  cocks  should  be  connected  by  rubber  tubing  to 
the  blowpipe  and  the  other  to  the  air  pump.  In  practice  the 
pump  is  operated  until  a  rises  to  its  highest  limit,  and  the 
cock  is  then  shut  off  until  a  has  sunk  nearly  to  the  bottom 
of  its  range,  when  pumping  is  repeated.  Continuous  pump- 
ing is  not  required.  Care  must  be  taken  that  the  pressure 
of  the  air  is  not  greater  than  that  of  the  gas  from  the  gener- 
ator; otherwise,  the  air  may  work  back  through  the  gas  tube 
into  the  generator  and  cause  an  explosion  of  the  apparatus. 
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MANIPULATION   OF   THE  APPARATUS 

53.  Fig.  49  shows  the  general  arrangement  of  the  appa- 
ratus. The  gas  from  the  generator  and  the  air  from  the 
holder  are  not  mixed  until  they  reach  the  mixing  pipe  a. 
The  proportions  of  air  and  gas  are  determined  by  adjusting 
the  cocks  to  which  the  rubber  tubes  are  attached,  and  the 
force  of  the  jet  is.  also  adjusted  in  the  same  way.  This 
mixing  pipe  should  be  as  closely  behind  the  blowpipe  as 
convenience  will  permit.  The  mixture  of  air  and  gas  is  very 
explosive,  and  the  fire  may  flash  back  from  the  jet  to  the 


mixing  pipe,  spoiling  the  tubing,  if  nothing  worse.  In  some 
forms  of  blowpipe  the  mixing  cocks  are  attached  to  the  blow- 
pipe. The  blowpipe  should  be  provided  with  several  sizes 
of  jets,  or  nozzles.  A  jet  of  ^^-inch  bore  is  of  proper  size 
for  working  on  4-pound  lead.  The  diameter  of  the  bore  of 
the  nozzles  used  for  heavier  lead  will  increase  slightly  with 
the  thickness  of  the  sheet.  About  ^-inch  bore  will  be 
required  for  I'i  to  20  pound  lead 

The  rubber  tubing   that   connects  the   blowpipe   to  the 
gas  generator  and  the  air  holder  should  be  of  ^  to  |  inch 
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bore,  and  of  extra  heavy  rubber,  so  that  it  will  not  kink. 
It  should  be  connected  by  means  of  screw  couplings.  If  the 
tubes  are  merely  slipped  over  nipples  and  are  not  wired, 
they  are  liable  to  be  pulled  off  while  working. 

Vapor  is  liable  to  condense  in  the  tubes;  clots  of  water 
are  liable  to  be  blown  into  the  blowpipe  and  extinguish  the 
flame.  In  that  event,  the  tubes  should  be  disconnected  and 
hung  up  to  drain  until  they  are  dry.  The  tubes  should  be 
detached  from  the  generator  and  the  air  holder  at  the  end 
of  each  day's  work,  and  be  hung  up  to  drain  and  dry  out. 

The  cock  on  the  generator  should  be  kept  closed  while  the 
blowpipe  is  not  in  use,  but  should  be  opened  wide  when 
ready  to  proceed  with  work.  The  regulation  of  the  gas  flow 
should  be  done  by  the  gas-cock  on  the  mixing  pipe. 

To  start  the  blowpipe,  the  air  cock  is  first  shut;  then  the 
gas-cock  is  partly  opened,  and  as  soon  as  gas  flows  from  the 
jet  it  is  ignited.  The  flame  at  first  will  be  long,  noisy,  and 
unsteady,  with  very  little  color.  The  gas-cock  is  then  grad- 
ually closed  until  the  flame  is  reduced  to  about  3  inches  in 
length.  The  air  cock  is  then  slightly  opened  and  air  is 
admitted  to  the  flame.  The  supply  of  air  is  gradually 
increased  until  the  flame  is  shortened  to  about  1|  inches,  or 
until  the  flame  is  sharp-pointed,  compact,  rapidly  darting, 
noiseless,  and  divided  into  two  well-defined  flames,  one 
inside  of  the  other.  The  inner  flame  should  be  very  dis- 
tinct, and  its  apex,  which  is  the  point  of  greatest  heat, 
should  be  blue.  The  outer  flame  is  of  a  pale  reddish  color, 
and  its  temperature  is  much  lower  than  that  of  the  inner 
flame.  The  two  flames  differ  greatly  in  their  effect  on 
metals.  The  outer  flame  will  oxidize  the  metal  that  it 
touches,  but  the  inner  flame  will  melt  the  metal  and  keep  it 
hot  as  long  as  desired  without  oxidizing  it.  Consequently, 
the  inner  flame  is  used  exclusively  in  the  operation  of  lead 
burning,  and  the  contact  of  the  outer  flame  with  the  metal 
is  avoided  as  much  as  possible. 

54.  Fig.  50  exhibits  the  various  forms  of  the  flame  as 
the  proportions  of  air  and,  gas  are  changed.     The  clear  gas 
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makes  a  flame  as  shown  at  the  extreme  left.  As  air  is  intro- 
duced in  increasing  quantities,  the  flame  takes,  in  succession, 
the  shapes  shown  toward  the  right,  until  it  reaches  the  cor- 
rect working  shape  shown  in  the  third  view  from  the  right. 
The  second  view  from  the  right  shows  the  effect  of  too 
much  air,  and  the  view  on  the  extreme  right  shows  the 


flame  on   the   point   of   going  out   from   excess  of   air  or 
lack  of  gas. 

It  should  always  be  borne  in  mind  that  the  gas  must  be 
turned  on  and  ignited  before  air  is  admitted,  and  when  it  is 
desired  to  extinguish  the  flame,  the  air  must  be  shut  off 
before  the  gas-cock  is  touched.  To  increase  the  flame, 
increase  the  gas  first,  then  increusc  the  air;  to  dimin- 
ish the  flame,  check  the  air  first,  then  reduce  the  supply 
of  gas. 


D.qit.zeaOvGoOt^lc 


42  LEAD  WORK  §  17 

BUIWING  JOINTS  AND  SEAMS 

65.  To  learn  the  characteristics  of  the  flame,  and  how 
to  handle  it,  a  person  should  practice  on  a  piece  of  sheet 
lead  that  has  been  cleaned  with  the  shave  hook.  Quickly 
bring  down  on  the  clean  lead  the  point  of  the  inner  flame. 
Almost  instantly  a  disk  of  melted  lead  will  be  formed;  then 
quickly  remove  the  flame.  The  melted  metal  will  cool 
bright,  showing  that  it  has  not  been  oxidized.  Now  bring 
the  end  of  the  outer  flame  to  bear  on  the  clean  lead,  keep- 
ing the  inner  flame  about  ^  or  J^  inch  away.  The  lead  will 
quickly  tarnish,  and  although  it  will  melt,  it  will  be  covered 
with  a  coat  of  gray  oxide. 

Again  bring  the  point  of  the  inner  flame  to  bear  on  the 
clean  lead,  melt  a  little,  and  then  withdraw  the  flameslowly, 
allowing  the  outer  flame  to  act  on  the  molten  part;  a  film  of 
gray  oxide  will  spread  over  the  molten  metal,  and  it  is  then 
spoiled  for  joining  purposes. 

It  will  also  be  found  that  unless  the  flame  is  withdrawn 
with  proper  quickness,  ugly  holes  will  be  made  in  the  sheet 
metal. 

Further  expeniment  will  disclose  the  fact  that  if  a  bead, 
or  drop  of  lead,  is  maintained  in  a  state  of  fusion,  and  if  a 
small  part  of  the  leaden  sheet  on  or  against  which  the  lead 
rests  is  also  fused,  the  lead  will  quickly  flow  to  and  unite 
with  the  molten  part  of  the  sheet,  and  will  upon  cooling  form 
a  perfectly  homogeneous  mass  with  it.  The  union  will  be 
perfect,  provided  that  all  oxidation  is  avoided.  This  is  the 
essential  part  of  the  process  of  lead  burning.  The  attrac- 
tion of  the  two  portions  of  melted  lead  for  each  other  is  so 
strong  that  the  elTect  of  gravitation  upon  the  bead  is  appar- 
ently diminished  to  a  considerable  extent,  and  it  is  found 
that  the  bead  can  be  made  to  travel  in  almost  any  direction. 
The  size  of  the  bead  must  be  varied  to  suit  the  thickness  of 
the  metal  that  is  to  be  joined,  and  also  to  suit  the  direction 
of  the  joint,  whether  horizontal  or  vertical,  inclined  or 
inverted. 

The  slrenfjlh  iif  a  joint  made  by  burning  depends  a  good 
deal  on  the  size  of  the  bead  made  by  the  blowpipe  flame; 
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therefore,  it  is  important  that  the  bead  should  not  be  made 
too  small.  If  the  bead  is  too  large,  the  joint  will  present  a 
very  uneven  surface,  as  the  weight  of  the  bead  will  overcome 
the  attraction  of  the  melted  metal  near  it,  so  that  it  will  fall 
away  from  the  desired  place  and  be  unmanageable.  Care 
must  be  taken  to  avoid  fusing  too  large  a  spot  in  the  sheet 
at  any  one  time,  because  the  sheet  will  be  thinned  out  and 
weakened  by  it. 

Fig.  51  shows  two  sections  of  lapped  joints,  of  which  the 
left-hand  one  is  properly  made,  while  the  right-hand  one 
has  been  badly  weakened  by  too  much 
fusion. 

56.  A  person  is  advised  to  begin 
practice  on  a  butt  seam  on  the  bench. 
He  should  first  prepare  two  pieces  of 
sheet  lead  by  planing  the  edges  to  be 
joined  straight  and  square,  and  shaving 
the  top  surfaces  clean  about  J  inch  wide 
on  each  side  of  the  butt  joint;  then  butt 
the  edges  together  and  secure  the  sheets 
firmly  to  a  board.  The  extra  lead  that 
is  necessary  to  make  a  butt  joint,  that  is, 
to  supply  the  beads,   must  be  obtained  "°'  *' 

from  a  lead  stick.  This  should  be  ^  inch  or  more  thick,  tri- 
angular in  section,  and  shaved  clean. 

The  blowpipe  flame  being  regulated  to  the  proper  shape 
and  size,  the  burning  is  begun  at  the  nearest  end  of  the 
joint,  as  a  in  Fig.  52.  With  the  point  of  the  inner  flame 
melt  off  a  drop  of  lead  from  the  end  of  the  lead  stick 
and  allow  it  to  fall  squarely  on  the  seam.  Follow  it  up 
instantly  with  the  flame,  placing  the  point  of  the  inner 
flame  exactly  over  the  edges  of  the  seam,  which  are  under 
the  bead.  They  will  quickly  melt  and  unite  with  the  bead. 
The  flame  must  be  withdrawn  before  the  fusion  proceeds  any 
farther  than  necessary  to  swure  that  one  bead  in  place.  If 
the  operation  is  properly  piirformed,  a  section  through  the 
bead  will  appear  as  at  d  in  Fig.  5'^.     Now  proceed  to  drop 
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another  bead  on  the  seam,  but  lapping  about  one-third  of  its 
diameter  on  the  previous  bead,  and  secure  it  to  the  seam  in 
the  same  way.  Each  successive  bead  fuses  into  and  unites 
with  the  preceding  one  and  with  the  edges  of  the  sheets, 
thus  forming  a  continuous  joint.  A  person  will  soon  learn 
to  make  the  beads  follow  one  another  in  rapid  succession. 


The  movements  of  the  blowpipe  in  melting  off  the  bead, 

dropping  it  on  the  seam,  fusing  the  edges  of  the  seam,  and 
backing  off  from  it  are  repeated  in  quick  succession,  the 
hand  of  the  operator  moving  in  a  circular  path  and  gradu- 
ally advancing  from  him  as  the  joint  progresses. 

Making  this  form  of  joint  should  be  practiced  until  per- 
fect control  of  the  flame  is  secured  and  the  operator  learns 
how  to  handle  the  blowpipe  so  as  to  secure  the  beads  in 
their  proper  place  uniformly  and  rapidly. 

57.  The  next  thing  to  be  learned  is  how  to  make  a  flat 
lapiK**!  joint,  as  shown  in  Fig.  o:!.  The  sheets  should  be 
planed,  squared,  and  shaved  where  they  touch  each  other, 
and  the  upper  surfaces  should  be  shaved  clean  about  J  inch 
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each  side  of  the  edge  of  the  upper  sheet,  as  shown.     They 
should  lap  about  ^  inch  for  6-pound  lead. 

In  lapped  joints  no  lead  stick  is  required,  the  beads  being 
melted  off  the  edges  of  the  upper  sheet.  Beginning  at  a, 
the  flame  is  first  brought  to  bear  on  the  upper  edge  d  of  the 
top  sheet,  and  a  bead  is  melted  off.  The  flame  is  then 
quickly  moved  backwards  and  downwards  so  that  it  will 
bear  on  the  lower  sheet.     The  bead  will  follow  the  flame, 


and  as  soon  as  the  lower  sheet  begins  to  fuse,  the  bead  will 
promptly  unite  with  it.  The  flame  must  be  instantly  lifted 
away  and  returned  to  the  edge  of  the  sheet  for  the  next 
bead.  Each  successive  bead  is  similarly  secured  a  little  in 
advance  of,  but  lapping  on,  the  preceding  one.  In  perform- 
ing the  successive  movements  required  to  fix  each  bead,  the 
hand  of  the  operator  travels  continually  in  small  circles,  and 
slowly  advances  as  the  joint  progresses. 

A  skilful  operator  will  fix  each  bead  firmly  and  evenly 
in  place,  and  never  deviate  from  the  proper  line  of  the 
seam. 

as.  The  horizontal  lap  Joint  in  vertical  sheets  is  shown 
in  Fig.  5-1.     The  bead  is  melted  from  the  top  edge  a  of  the 
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sheet,  is  driven  by  the  flame  against  the  back  sheet,  and  is 
held  there  until  the  sheet  begins  to  brighten;  at  the  instant 
that  fusion  begins,  the 
flame  is  lifted  away. 
The  bead  instantly 
takes  hold  of  the  back 
sheet,  and  if  properly 
managed,  forms  a  joint 
like  that  shown  in  sec- 
tion at  the  left  band  of 
Fig.  61. 

59.  The  vertical 
lap  Joint  is  shown  in 
Fig.  6fi.  The  joint  is 
begun  at  the  bottom  of 
the  seam,  and  is  grad- 
'''*''  "  ually  worked  upwards. 

The  bead  of  lead  is  melted  off  at  a,  and  is  flowed  downwards 

to  6,  where  it  is  united  to  the  back  sheet  as  in  previous 

operations.    However,  the 

bead  does  not  flatten  out 

so  much  as  in  horizontal 

seams,   but   cools   in    the 

form  of  a  split  pea. 

In  making  vertical  and 

inclined  joints,  the  size  of 

the  bead  becomes  a  mat- 
ter of  great   importance. 

The  operator   is   advised 

to    make   vertical    seams 

for   practice,    noting   the 

size  of  the  bead  employed  ; 

and  then  to  cut  squarely 

across  the  joints  so  made, 

and   ascertain  the  extent  *"""  ** 

and  apparent  strength  of  the  joints.     No  reliable  knowledge 

on  that  point  can  be  obtained  in  any  other  way. 
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The   knowledge   gained   by  experimenting  with  vertical 
joints   will   enable   a  person  to  make  inverted  joints,  that 
is,  joints  having  the  lap  on  the  under  side.     These  joints 
cannot  always  be  avoided,  and  while 
they  require  a  httle  more  patience 
and  skill  than  the  ordinary  horizontal 
joints,  the  art  of  making  them  can 
be  readily  acquired. 

GO,  The  mode  of  burning  Joints 
In  vertical  pipes  is  shown  in  Fig.  56. 
The  end  of  the  lower  section  is  first 
cupped  as  for  an  ordinary  solder 
joint,  and  is  then  dressed  into  a 
socket,  as  shown,  and  is  shaved  on 
the  inside,  on  the  top  edge,  and  down 
over  the  outside  about  }  inch.  The 
upper  section  is  rasped  to  fit  snugly 
within    the    socket,  and    is  scraped  '"■ 

clean  about  \  inch  above  the  edge  of  the  socket.  The  blow- 
pipe is  then  applied  as  for  making  a  horizontal  seam  in  a 
vertical  sheet. 

61.     Pig.   57  shows  the   mode  of   bumlntr  a  T  Joint. 
Care  must  be  taken  to  preserve  a  proper  thickness  of  metal 
at  a  when  opening  out 
the   hole    to    fit    the 
branch.     If  the  metal 
is  thinned  out,  there  is 
great  liabihty  of  burn- 
ing a  hole  through  at 
that  point  or  in  being 
compelled  to  feed  the 
flame  with  a  lead  stick. 
In  making  joints  in 
horizontal    pipe,     the 
Pt"'i'  angle    of    the    seam 

varies  from  the  horizontal  at  the  top  to  the  vertical  at  the 
sides,  and  to  the  inverted  position  at  the  under  side.     The 
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'  joint  should  be  begun  at  the  bottom  and  be  worked  both 
ways  toward  the  top. 

63.  When  the  sheet-iead  lining  of  tanks  is  to  be  burned, 
the  lining  should  be  cut  so  as  to  require  the  least  possible 
number  and  extent  of  joints.  As  many  of  the  joints  as  may 
be  practicable  should  be  made  in  the  bottom,  because  it  is 
easiest  to  burn  them  there. 

Fig.  58  shows  the  arrangement  of  the  joints  for  a  tank, 
say  6J^  ft.  X  4  ft.  X  ^  ft.  deep.     The  bottom  and  two  sides 


are  made  of  one  piece,  which  extendsto  within  about  3  inches 
of  each  end.  Each  end  section  is  formed  with  a  4-inch  flange 
around  the  bottom  edge  and  each  side,  thus  lapping  1  inch 
over  the  bottom  and  side  sheet.  The  corners  formed  by  the 
flanges  may  be  closed  with  a  miter  joint  lapped,  as  at  ti,  or 
a  horizontal  seam,  as  at  d.  The  top  edges  of  all  the  vertical 
sheets  should  be  lapped  over  the  edge  of  the  wooden  tank  sides 
and  be  secured  with  copper  nails  in  the  usual  manner.  When 
the  sides  of  the  tank  are  large,  the  sheet-lead  lining  must  be 
supported  at  intervals  by  means  of  buttons,  that  is,  brass 
screws  having  their  heads  protected  by  burning  over  them, 
63.  The  lead  sheets  are  prepared  for  the  tank  in  a 
manner  similar  to  that  previously  described,  due  allowance 
being  made  for  the  flanges  that   are  bent  up  on  the  end 
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sheets.  The  body  of  the  tank  lining  should  first  be  set  in 
place,  care  being  taken  that  the  bent  corners  should  fit  the 
angles  between  the  sides  and  bottom,  so  that  the  lead  will  not 
be  stretched  when  set  home.  After  setting  the  lead  well 
into  the  angles,  it  should  all  be  flapped  to  a  smooth  surface 
with  a  sheet-lead  flap,  and  be  nailed  over  the  edge  of  the 
tank.  The  ends  of  the  tank  are  then  carefully  measured  and 
it  is  found  whether  the  width  of  the  tank  is  the  same  at  the 
top  and  bottom,  whether  the  angles  are  right  angles,  and 
whether  the  sides  are  square  with  the  bottom  at  both  ends. 
If  this  measuring  and  testing  are  neglected,  some  very 
annoying  misfits  are  likely  to  occur. 

64.  The  flanges  are  then  formed  up,  as  shown  in  Fig.  59, 
and  the  corners  lapped  and  scraped  to  make  proper  corner 
joints.  The  flanges 
are  scraped  clean  on 
the  edges  a,  and 
^  inch  down  on  the 
outside  all  the  way 
around,  and  simi- 
larly about  ^  inch 
down  on  the  inside. 

The  end  sheets  are 

,     .  Fig-  » 

then    lowered    into 

place  and  set  home  snugly  into  the  angles.  The  flanges 
should  overlap  the  bottom  and  side  sheet  ^  inch  or  more  at 
each  end.  The  edges  of  the  flanges  are  then  scribed  on 
the  under  sheet,  and  the  flanges  are  raised  to  facilitate  scra- 
ping the  border  of  the  under  sheets  so  that  the  joint  may 
be  properly  burned.  The  flanges  are  now  dressed  down 
again  and  the  process  of  burning  the  seams  begins.  The  flat 
bottom  seams  should  be  burned  first,  then  the  vertical 
seams,  commencing  from  the  ends  of  the  horizontal  seam 
and  working  upwards,  as  before  described.  Great  care 
must  be  taken  when  burning  the  corner  seams  a  and  d. 
Fig.  58,  that  the  burning  is  continued  fully  into  the  corner, 
so  that  no  small  pinhole  can  remain. 
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CAST-IRON  PIPEWORK 


CUTTING  SOIL  PIPB 

1.  Standard  cast-iron  soil  pipe  may  be  cut  by  first  filing 
a  groove  around  it  and  then  deepening  the  groove  with  a 
cold  chisel.  If  the  filing  of  the  groove  is  omitted,  and  an 
attempt  made  to  cut  the  pipe  by  using  only  a  hammer  and 
cold  chisel,  there  is  a  strong  probability  that  the  standard 
pipe  will  be  split.  When  a  soil  pipe  is  to  be  cut  to  fit,  a 
length  of  double-hub  pipe  should  -be  selected  in  preference 
to  single-hub  pipe,  since  with  double-hub  pipe  the  end  not 
desired  may  be  used  on  some  other  job. 

2.  Extra-heavy  soil  pipe  can  be  cut  with  the  hammer 
and  chisel.  To  cut  it,  draw  a  line  neatly  around  the  pipe  at 
the  place  where  it  is  to  be  cut.  Lay  the  pipe  on  a  solid 
block  of  wood  or  on  a  mound  of  earth,  and,  following  the 
chalk  line,  cut  into  the  pipe  with  a  hammer  and  chisel,  as 
shown  in  Fig.  1.  A  groove  is  thus  made  all  arouad  the  pipe, 
which   weakens   it.     Continue  driving   the   chisel  into  the 

§18 
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groove  uniformly  all  around,  revolving  the  pipe  with  the 
knee,  as  shown.     In  a  short  time  the  metal  uader  the  groove 


will  be  so  ruptured  that  the  piece  will  fall  off,  as  shown  i 
Fig.  2,  making  a  neat  square  cut. 
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3.  It  sometimes  happens  that  a  pipe  is  defective  and 
will  not  cut  square,  breaking  crooked,  as  shown  in  Fig.  3, 
Such  a  piece  should  not  be 
used,  but  may  be  cut  again 
when  a  shorter  piece  is 
required.  Or,  if  circum- 
stances permit  the  pipe  to 
be  shortened,  say  to  the 
dotted  line  a,  the  end  may 
be  chlppetl  down,  as 
shown  in  Fig.  4.     The  piece  ^*'"  ' 

of  pipe  is  rested  against  the  edge  of  an  iron  beam,  or  any 
other  convenient  hard  edge,  so  that  the  line  to  which  the 
end  of  the  pipe  is  to  be  chipped  comes  on  the  edge.  A  piece 
is  then  broken  off  and  the  pipe  revolved  a  little,  when  another 
piece   is  broken  off.     This  operation  is  repeated  untU  the 


end  is  square.  The  edge  obtained  hy  chipping  is  rough,  but 
if  well  done,  the  irregularities  need  not  be  more  than  J  inch 
deep.  A  break  like  that  shown  in  Fig.  3  is  usually  due  to 
an  unskilful  manipulation  of  the  tools;  it  does  not  neces- 
sarily indicate  a  defective  pi|)c. 
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4.    When  a  pipe  splits,  as  shown  in  Fig.  5,  while  being 
cut,  it   usually  proves   that  the   pipe   is  defective;  a  pipe 
thus  split  should  be 
rejected. 


CALKING    . 

5.     Calking  a 
Vertical     Joint. 
P,^,  To    calk    a   spigot- 

and-socket  joint  in 
soil  pipes,  push  the  spigot  end  tightly  into  the  socket;  then, 
with  the  yarning  tool,  drive  twisted  oakum  into  the  socket, 
as  shown  in  Fig.  C,  Do  not 
cut  the  oakum  with  the 
edge  of  the  tool;  simply 
push  it  down.  Do  not  bunch 
it  at  any  place;  set  it  in 
uniformly.  When  two  or 
three  strands  are  in  (a 
strand  being  one  thickness 
of  the  oakum),  drive  thera 
down  solidly  with  the  ham- 
mer and  a  thick-faced  yarn- 
ing tool.  Continue  to  insert 
the  oakum,  driving  it  home 
with  the  hammer  period- 
ically, until  there  is  a  space 
of  about  IJ  inches  to 
IJ  inches  between  the 
oakum  and  the  face  of  the 
socket.      Then,    to    insure  fig.  « 

that  the  oakum  is  packed  into  a  thoroughly  compact  mass, 
give  it  a  final  driving  with  heavy  blows  of  the  hammer  on 
the  yarning  tool. 

a.    After  the  oakum  has  been  packed  in,  the  space  above 
it  is  filled  with  molten  lead,  as  shown  in  Fig.  7,  the  face  of 
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the  hub  being  held  perfectly  level  so  that  the  lead  will  not 
overflow  on  one  side 
before  the  other  is 
entirely  filled.  A 
large  enough  ladle 
should  be  used  to 
allow  the  joint  to  be 
made  in  one  pour- 
ing. If  the  socket  is 
only  partly  filled  at 
one  pouring,  the 
lead  will  set  before 
more  can  be  ob- 
tained from  the  pot, 
and  the  result  will  be 
an  imperfect  joint. 
Only  soft  pig  lead 
should  be  used  for 
this  work;  hard  lead 
as     obtained     from 

old  wiped  joints,  or  no.  7 

lead    impregnated    with   impurities,   should    not   be   used. 

7.  Afterthe  joint  is  run 
up,  that  is,  filled  with  lead, 
take  a  thick-faced  staving 
tool  and  drive  the  lead 
ring  uniformly  into  the 
socket,  as  shown  in  Fig.  8. 
This  compresses  the  lead 
and  makes  it  fill  the  inter- 
stices of  the  socket  so 
closely  that  the  joints  will 
be  air-  and  water-tight, 
evei!  if  subjected  to  high 
pressure.  If  this  staving 
is  omitted  or  carelessly 
pio,  8  done,  the  joint  may  not 


D.qit.zeaOvGoOt^lc 


be  water-tight.     It  certainly  will  not  be  strong  enough  to 
resist  the  wear  and  tear  of  service. 

8.  If  the  oakum  is  not  thoroughly  packed  and  driven 
home  with  a  yarning  tool  before  the  molten  lead  is  poured 

into  the  socket,  the  lead  will  drive 
it  too  far  when  it  is  calked,  and 
the  work  will  be  defective.  In  a 
joint  of  an  upright  pipe  the  lead 
should  be  poured  into  the  socket 
until  it  stands  about  J  inch  above 
the  rim,  when  it  is  just  on  the 
verge  of  overflowing,  as  shown  at 
a  in  Fig,  9,  The  object  of  the 
excess  of  lead  is  to  obtain  a  flush 
finish  with  the  edge  of  the  hub 
when  the  lead  is  calked;  thisresult 
obtains  if  the  oakum  has  been 
packed  in  solid.  The  stiffness  and 
durability  of  the  joint  depend  on 
the  perfect  and  complete  filling  of 
Fio.  9  the  socket  to  the  extreme  edge. 

9.  The  process  of  calking  the  lead  or  oakum  should  be 
begun  at  the  most  difficult  or  inaccessible  parts  of  the  joint, 
so  that  the  lead  and  oakum  in  these  parts  will  be  compressed 
stilt  more  when  the  other  parts  of  the  joint  are  being  calked. 
The  staving  tool  or  lead  calking  tool  b.  Fig.  9,  should  be  run 
around  gently  the  first  time,  and  then  around  again  with 
heavier  blows  of  the  hammer  to  drive  the  lead  uniformly 
home,  thus  avoiding  unequal  strains  on  the  socket.  Each 
blow  of  the  hammer  increases  the  pressure  inside  of  the 
hub,  and  judgment  must  be  exercised  to  avoid  cracking  the 
hub  by  overpressure.  It  is  well  for  the  beginner  to  calk  a 
few  joints  as  an  experiment  until  the  sockets  burst,  to  deter- 
mine when  he  should  stop  calking. 

The  staving  tool  should  not  be  tapered,  because  then  it  is 
liable  to  wedge  between  the  hub  and  pipe,  if  the  lead  is  below 
the  edge  of  the  hub,  and  strain  the  hub  so  that  it  will  crack 
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when  the  calking  of  the  lead  is  about  completed.  A  cracked 
socket  should  always  be  removed  and  be  replaced  by  a 
new  pipe. 

10.  Calking  a  Horizontal  Joint.  —  In  making  hori- 
zontal joints,  or  joints  on  inclined  pipes,  the  outer  end  of 
the  socket  must  be  closed  by  a  band  or  joint  runner,  as 
shown  at  a,  in  Fig,  10  [a).  If  a  special  joint  runner  is  not 
at  hand,  the  band  is  usually  made  of  clay  and  strengthened 
by  a  piece  of  rope  embedded  in  the  clay.  A  g^'te,  or  pour- 
ing notch,  is  left  at  the  top,  and  molten  lead  is  poured  into 
it  from  the  ladle,  as  shown.    The  working  face  of  the  clay  is 


shaped  so  that  the  lead  will  take  the  form  shown  in  Fig.  10  (A) 
at  b,  the  projection  c  being  the  gate.  Pouring  should  not 
be  stopped  until  the  gate  is  full  and  remains  so.  Particu- 
lar care  should  be  taken  before  pouring  that  the  socket  be 
wholly  free  from  moisture;  otherwise,  an  explosion  is  very 
likely  to  occur  while  the  lead  is  running  in,  by  the  moisture 
being  suddenly  converted  into  steam.  To  guard  against 
this  danger,  the  workman  should  always  stand   behind  the 
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hub,  so  that  if  an  explosion  does  occur,  the  hot  lead  will  J)e 
projected  away  from  him.  If  it  is  necessary  to  pour  lead 
into  a  damp  socket,  some  powdered  rosin  should  first  be 
thrown  into  the  socket.  This  will  help  to  prevent  a  violent 
explosion.  The  joint  runner  must  be  tightly  secured, 
because  the  pressure  of  the  melted  lead  in  sockets  of  large 
diameter  is  considerable;  if  it  starts  the  band  a  little,  the 
lead  is  liable  to  run  out  and  thus  spoil  the  joint. 

Inverted  Joints.  —  When  a  joint  is 
inverted,  it  is  advisable  to  do  the 
calking  before  placing  the  pieces 
thus  joined  in  position,  arranging  the 
connections  in  such  a  manner  that 
the  pieces  joined  by  the  inverted 
joint  can  be  readily  connected. 
Fig.  11  shows  how  this  may  be  done, 
taking  for  an  example  the  junction  of 
a  vent  stacks  with  a  soil-pipe  stack  B. 
The  soil-pipe  stack  is  erected  ready 
to  receive  the  Y-branch  fitting  a. 
The  latter  fitting,  the  45°  elbow  b, 
and  the  short  length  of  pipe  c  are 
calked  together  before  being  placed 
into  the  position  shown  in  the  illus- 
tration, as  the  joints  between  them 
can  then  be  placed  upright  for  calk- 
ing. When  the  three  combined 
pieces  are  placed  on  the  soil  stack 
and  vent  stack,  their  joints  with  these 
pipes  are  upright,  and  consequently  easily  calked. 

13.  It  is  inadvisable  to  try  to  calk  an  inverted  joint  in 
place  unless  special  provision  is  made  for  air  to  escape  from 
the  socket,  since  otherwise  an  air  lock  will  occur,  as  shown 
at  a  in  Fig.  \'l.  If  the  oakum  b  is  calked  solidly  home,  it 
will  be  practically  air-tight.  The  air  at  a,  therefore,  can- 
not escape  freely,  and  hence  the  lead  will  set  before  the 
space  is  filled.     After  the  clay  band  c  is  removed,  the  lead  is 
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calked,  but  it  will  be  found  that  the  lead  at  d  cannot  be 

driven  up  into  a  to  fill 

the  socket  entirely  at 

this  place.    This  part 

of  the  joint  will  hence 

be  defective. 

13.  If  it  is  nec- 
essary to  calk  an  in- 
verted joint  in  place, 
a  special  fitting 
should  be  used  that 
has  a  pouring  gate 
cast  on  the  socket, 
as  shown  at  a,  in 
Fig.  13.     The  air  es- 

,  ,  ,  -  F'O-  1» 

capes     through    this 

pouring  gate,  as  shown  by  the  arrow,  while  the  molten  lead 
is  running  into  the  joint. 
This  joint  can  be  entirely 
filled  with  lead  and  pour- 
ing is  stopped  when  the 
gate  is  entirely  filled. 
After  this  joint  is  calked 
in  the  ordinary  manner, 
the  gate  is  also  calked, 
and  a  solid  job  is  thus 
obtained.  Plumbers  sel- 
dom have  occasion  to  use 
inverted  joints,  however, 
because  permission  is 
generally  granted  in 
plumbing  ordinances  to 
connect  vent  pipes  to 
stacks  at  right  angles. 

14.  Defective  Calked 

'°  "  .Tolnts.— If  a  pipe  having 

no  spigot  ring  on  the  end  is  calked  into  a  socket,  there  is  a 


D.qit.zeaOvGoOt^lc 


10 


PIPEWORK 


S  18 


liability  of  the  oakum  being  driven  into  the  pipe,  which 
tends  to  catch  solid  matter  in  the  sewage  and  thus  finally 
choke  the  pipe.  To  guard  against 
this,  make  a  mark  on  the  pipe 
flush  with  the  socket  when  it  is 
solidly  home,  and  before  calking 
in  the  oakum;  then,  after  calking 
in  the  oakum  examine  the  mark 
before  runnmg  the  joint  with  lead 
to  see  that  the  pipe  has  not  slipped 
out.  This  is  most  liable  to  occur 
when  calking  horizontal  joints  on 
the  floor.  Another  defective  joint 
is  that  in  which  a  poorly  cut  pipe 
like  that  shown  in  Pig.  3  is  used. 
The  oakum  is  then  driven  through 
the  irregularities,  as  shown  in  Pig.  14.  This  tends  to  choke 
the  pipe,  and  is  a  common  source  of  trouble  due  entirely  to 
careless  work. 


16.  The  crooked  joint  shown 
defect  due  to  carelessness,  and 
should  be  condemned  on  general 
principles.  The  work  should  be 
rearranged  and  a  proper  joint 
made;  if  the  crooked  joint  is  due 
to  a  defective  fitting,  a  good 
one  should  be  substituted.  In 
a  crooked  joint,  the  oakum  is 
liable  to  be  driven  through,  as 
shown  at  a,  and  the  lead  is  liable 
to  run  through,  as  at  b,  owing  to 
the  difficulty  of  introducing  the 
oakum  into  the  base  of  the 
socket. 


Fig.  Ifi  is  a  common 


IG,    Insertable  Soll-PIpe  Joint.— Plumbers  of  ten  have 
occasion  to  cut  a  line  of  cast-iron  soil  pipe  for  the  purpose 
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of  inserting  a  branch.  If  ordinary  fittings  are  used  for 
this  work,  it  is  necessary  for  the  plumber  to  melt  or  pick 
out  two  or  three  joints  on  the 
soil-pipe  line  so  as  to  get  the 
fitting  in  position  in  the  man- 
ner shown  in  Fig.  16  {a).  This 
method  is  often  very  inconve- 
nient, and  always  tedious.  To 
overcome  the  objections,  the 
insertable  joint  shown  in 
Fig.  16  (^)  was  designed.  It 
is  simply  a  short  piece  of  pipe 
with  an  extra-long  hub  having 
a  collars  cast  inside,  as  shown. 
To  insert  this  fitting,  it  is  only 
necessary  to  cut  out  of  the  line 
a  piece  having  a  length  equal 
to  the  sum  of  the  lengths  of 
the  branch  fitting  and  the  in- 
sertable joint.  The  latter  is  ' 
then  slipped  over  the  end  of 
the  pipe,  as  shown  at  i, 
Pig.  16  (■:).  The  branch  c  is 
next  inserted,  and  the  insert- 
able  joint  is  slipped  back  into 
the  socket  of  the  branch.  This 
brings  the  collar  a  down  near 
the  end  of  the  pipe  d,  but  not 
below  it,  when  the  fitting  l>  is 
sent  home  into  c.     The  joints 

can  then  be  calked  in  the  ordinary  manner.  As  shown,  the 
branch  is  thus  inserted  without  disturbing  the  rest  of  the 
soil-pipe  line,  A  loose  lead  ring,  shown  at  f,  Is  sometimes 
slipped  over  the  pipe  before  the  insertable  joint  is  applied, 
and  is  slipped  down  on  top  of  the  collar  a  before  the  oakum 
is  calked  into  the  joint.  This  is  intended  to  positively  pre- 
vent oakum  from  being  driven  down  beyond  the  collar  a, 
which  collar  may  fit  the  soil-pipe  line  rather  loosely. 
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WKOUGHT-IBON    PIPEWORK 


INTRODUCTION 

17.  Wrought-iron  pipes  form  a  considerable  part  of 
modern  plumbing  systems.  For  instance,  water-supply  pipes 
in  many  localities  are  chiefly  galvanized  wrought  iron  or 
steel.  Drainage  and  ventilation  pipes,  also,  are  frequently 
of  wrought  iron.  Hence,  the  plumber  must  be  familiar  with 
wrought-iron  pipe  work. 

To  facilitate  the  work,  the  pipe-fitter's  bench  must  be 
made  solid  by  brace.s  or  bolts.  A  flimsy  bench  or  loose  pipe 
vise  prevents  the  fitter  from  doing  good  work,  besides  com- 
pelling him  to  exert  considerably  more  energy  than  is  other- 
wise necessary  for  cutting  and  threading  pipes. 


CUTTING  PIPE 

18.  Wrought-iron  pipe  up  to  2  inches  in  diameter  is 
commonly  cut  by  means  of  the  ordinary  wheel  cutter.  The 
pipe  is  placed  in  the  vise,  and  the  cutters  are  applied  at  the 
proper  place.  The  wheels  are  then  squeezed  into  the  pipe 
little  by  little  as  the  tool  is  revolved  around  the  pipe,  until 
the  piece  falls  off.  In  applying  three-wheel  cutters,  care 
must  be  t§ken  to  hold  the  tool  square  with  the  pipe;  if  this 
is  not  done,  the  wheel  will  cut  several  grooves  instead  of 
one,  and  if  the  wheels  slip  from  one  groove  to  another,  their 
edges  are  likely  to  break.  Single-wheel  cutters  are  free 
from  this  liability,  but  do  not  cut  the  pipe  as  fast.  Three- 
wheel  cutters  are  particularly  convenient  for  cutting  pipes 
in  close  places  where  it  is  impossible  to  swing  the  tool 
entirely  around  the  pipe.  The  cut  ends  should  be  examined 
to  see  whether  any  cracks  or  splits  have  been  started  by  the 
cutting  operation. 

19.  Pipes  that  are  to  be  screwed  into  flush  fittings, 
and  there  make  butt  joints,  must  have  their  ends  squared 
either  in  a  lathe  or  in  a  suitable  cutting-off  machine,  after 
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they  have  been  cut.  Unless  the  end  is  perfectly  square 
with  the  axis  of  the  screw  thread,  it  will  be  impossible  to 
make  a  good  joint  against  the  shoulder  of  the  fitting  into 
which  it  is  screwed. 

!iO.  When  cutting  pipe  that  is  coated  internally  with 
enamel  or  glass,  great  care  should  be  taken  to  avoid  chip- 
ping or  cracking  the  coating  or  lining.  The  wheel  pipe 
cutter  should  never  be  used  in  cutting  this  kind  of  pipe. 
The  only  kind  of  cutter  that  may  properly  be  used  is  one 
that  cuts  tike  a  lathe  tool,  leaving  the  end  of  the  pipe  square 
and  true;  if  carefully  used,  it  does  not  crack  or  peel  off  the 
brittle  lining. 

31.  The  larger  sizes  of  wrought-iron  pipe  should  be  cut 
off  either  in  a  lathe  or  by  a  cutting-off  machine.  Oil 
shoufd  be  used  freely  in  cutting  pipe, 
and  the  wheels  of  the  cutter  should 
be  kept  sharp,  since,  if  their  edges 
are  dull,  they  will  not  wedge  apart 
the  metal  forming  the  pipe,  but  will 
force  a  large  part  of  it  inwards, 
thereby  reducing  the  bore  of  the 
pipe  at  this  point  by  forming  a  large 
burr,  as  shown  at  a  in  Fig.  17,  which 
will  reduce  the  flow  of  water  through 
it.  Even  if  the  wheels  are  kept  perfectly  sharp,  a  burr  will 
be  formed,  but  it  will  be  much  smaller  than  in  the  case  of 
dull  wheels.     On  all  good  work  the  burr  should  be  removed. 


RBAMFNO 

318.  (teaming?  is  the  process  of  removing  the  burrs  from 
the  cut  ends  of  pipes.  The  tools  used  for  this  purpose  are 
called  reamers,  and  are  conical  in  shape ;  if  property  pro- 
portioned, the  length  of  the  reamer,  or  the  altitude  of  the 
cone,  will  be  about  twice  the  diameter  of  the  base,  as  shown 
in  Fig.  IS,  which  represents  a  hand  reamer.  The  convex 
surfachj  of  reamers  are  formed  into  a  series  of  sharp  teeth 
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converging  toward  the  apex.  By  pressing  the  reamer  into 
the  orifice  of  the  pipe  and  revolving  it,  the  teeth  cut  off  the 
burr  and  form  the  internal  surface  of  the  orifice  into  the 


no.  18 

frustum  of  a  cone.  There  are  reamers  on  the  market  for 
attaching  to  the  stocks  or  dies  so  that  the  pipe  may  be 
reamed  while  the  thread  is  being  cut. 


CtTTTING  THBEAD8 

33.  The  tightness  of  a  screwed  joint  depends  largely  on 
the  accuracy  with  which  the  thread  is  cut.     A  good  thread 

is  shown  in  Fig.  19.     The  part  a 

^r htlnV      contains  the   leading   threads, 

IP  lllll      whichareperfect  in  form.     These 

\  /  lllll      ^"^^  depended  on  chiefly  for  ma- 

/  lllll    '  '''"^  *   close   contact    with   the 

/  lllll     thread    in   the   fitting,  and   thus 

I  lllll     insuring  a  water-tight  joint.    The 

'^''^     threads  at  *are  imperfect.    Their 

^*°-  "  tops  are  flat  and  they  only  serve 

to  make  the  joint  rigid,  unless  their  form  be  changed  by  the 
pressure  exerted  in  screwing  the  pipe  into  a  socket  or  fitting. 

34.  Occasionally  a  groove  runs  lengthwise  in  a  wrought- 
iron  pipe;  this  prevents  a  perfect  thread  being  made.  Such 
pipes  should  not  be  used  on  high-pressure  work.  On  low- 
pressure  work,  however,  they  may  be  used,  provided  that  they 
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are  screwed  up  with  red-lead  cement  and  hemp  wrapped  over 
the  thread.  These  materials  will  fill  the  interstices,  and 
usually  make  them  water-tight. 

36.  When  it  is  necessary  to  thread  a  piece  of  pipe  that 
is  too  short  to  be  held  in  the  vise,  a  nipple  ehuclr,  or  nipple 
holder,  is  used.  This  is  simply  a  pipe  coupling  screwed 
over  the  end  of  a  piece  of  pipe  long  enough  to  be  held  in  the 
vise.  The  short  piece,  or  nipple,  should  be  screwed  into  the 
coupling  until  it  butts  against  the  end  of  the  longer  pipe,  as 
this  prevents  swelling  and  splitting  of  the  coupling.  After 
a  long  nipple  has  been  cut,  it  can  be  unscrewed  with  a  pipe 
wrench ;  to  remove  a  close  nipple  from  the  nipple  chuck,  the 
coupling  should  be  unscrewed  a  little  from  the  piece  held  in 
the  pipe  vise,  when  the  nipple  can  be  screwed  out  with  the 
fingers.  When  close  nipples  are  to  be  cut,  the  threaded  end 
should  enter  the  coupling  a  little  less  than  the  length  of  the 
perfect  threads,  and  then  butt  against  the  piece  held  in  the 

"'^^  TABLE   I 


SCREW   THREAnS  FOR  WROUGHT- IRON    PIPE 


Nominal 

Number 

Length 

Nominal 

Number 

Length 

Internal 

of 

of  Perfect 

Internal 

of 

of  Perfect 

Diameter 

Threads 

Thread 

Diameter 

Threads 

Thread 

in  Inches 

Per  Inch 

in  Inches 

In  Inches 

Per  Inch 

in  Inches 

i 

27 

'    19 

a- 

"4 

■58 

i 

i8 

29 

'i 

8 

89 

1 

i8 

30 

3 

8 

95 

i 

14 

39 

3i 

8 

I 

00 

i 

14 

40 

4 

8 

r 

05 

I 

iii 

51 

44 

8 

I 

10 

'i 

II* 

54 

S 

8 

r 

16 

•4 

iii 

5S 

6 

8 

■ 

J6 

All  pipe  ends  are  made  conical,  the  taper  being  }  inch 
.  of  diameter  per  foot  of  length. 
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2G.  The  majority  of  manufacturers  of  wrought-iron  pipe 
have  adopted  the  BriKg:^  standard  system  of  screw  threads 
for  pipe  and  fittings.  A  few  manufacturers,  however,  do 
not  conform  to  it  strictly;  they  use  13  threads  per  inch 
instead  of  the  11^  threads  called  for  in  the  table. 

To  make  perfect  joints  with  standard  fittings,  the  perfect 
threads  should  be  cut  to  a  certain  distance  only  from  the 
end  of  the  pipe.     This  distance  is  stated  in  Table  I. 


SCREWING  ON  FITTlNOa 

37.  In  order  to  make  sure  of  having  a  water-tight  joint, 
it  is  customary  to  paint  the  perfect  threads  (seldom  more 
than  three  or  four)  on  the  pipe  and  in  the  fitting  with  red- 
lead,  or  other,  cement  before  entering  the  male  thread. 
Because  the  thread  is  tapering,  the  pipe  or  the  fitting  starts 
easily  and  the  cement  stays  where  put.  If  the  red  lead  is 
sparingly  applied,  little,  if  any,  will  show  outside,  or  be 
pushed  inside  by  the  operation  of  screwing  up.  Care  must 
be  taken  not  to  overload  the  female  thread  with  red  lead, 
and  not  to  screw  up  fittings  too  tight,  for  they  may  split. 
The  proper  point  to  stop  screwing  up  can  only  be  deter- 
mined by  experience.  In  screwing  on  valves  or  other  brass 
fittings,  whether  plain,  finished,  or  nickel  plated,  the  wrench 
should  always  be  applied  to  the  hexagon  shoulder  provided 
for  the  purpose.  This  will  prevent  the  brass  fitting  from 
being  distorted. 


BENDtNG  WHOronT-IRON  PIPE 

28.  Small  sizes  of  pipe,  such  as  1-inch  or  less,  are  usu- 
ally bent  cold  over  a  block  or  mandrel.  Larger  pipes,  how- 
ever, are  heated  to  redness  and  then  bent  over  a  curved  block, 
or  better  still,  over  an  iron  wheel  having  a  groove  to  receive 
the  pipe  and  prevent  its  sides  spreading  while  being  bent. 
The  weld,  or  seam,  of  the  pipe  should  always  be  kept  on  the 
inside  of  the   curve,  to  prevent  splitting   the   pipe.     Only 
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black  pipe  should  be  bent.  If  galvanized  pipe  is  bent  cold, 
the  zinc  coating  often  breaks  or  chips  off,  and  if  bent  hot, 
the  zinc  is  vaporized  by  the  heat  and  the  protective  coating 
thus  spoiled. 

MB.VSITRING  FOR  PIPING 

29.    When     taking   meaeiirements    for    piping,    the 

center-to-center  distances  of  the  different  pipe  lines  are 
measured  first,  and  then  allowance  is  made  for  the  fittings. 
Fig.  30  (d)  shows  a  sample  of  pipework  composed  of  four 


ellMWS,  one  tee,  two  valves  with  wheel  handles,  and  seven 
pieces  of  pipe.  Where  a  valve  is  placed  in  a  pipe,  it  is  cus- 
tomary to  consider  the  two  pieces  of  pipe  to  which  it  is 
attached,  and  the  valve,  as  one  piece;  this  accounts  for  the 
statement  that  there  are  seven  pieces  of  pipe.  The  dimen- 
sions marked  a,  b,  c,  d,  and  e  are  measured,  and  transferred 
for  reference  purposes  to  a  sketch  similar  to  that  shown  in 
Fig.  20  {b).  In  locating  the  valves,  it  is  customary  to  use  a 
ready-made  nipple  on  one  side,  and  then  to  cut  a  piece  for 
the  other  side  sufficiently  long  to  obtain  the  proper  length 
of  ^  or  c  when  the  whole  is  screwed  up. 
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30.  In  measuring  for  45°  fittings,  the  plumber  must 
exercise  considerable  care.     He   may  place  the  fittings  in 

position  and  measure  between  them,  using 
try  pieces  a,  a,  as  shown  in  Fig.  21,  which 
point  straight  toward  each  other,  thus 
obtaining  the  measurement  b,  which  wiU 
'  be  the  length  of  pipe  required.  In  case, 
however,  that  it  is  inconvenient  to  do 
this,  the  exact  measurement  across  at  c 
may  be  taken,  which  if  multiplied  by 
1.4142  will  give  the  length  of  the  diagonal 
line  from  center  to  center  of  the  45"  fit- 
tings.' From  the  length  thus  found  must 
be  subtracted  the  distances  between  the 
ends  of  the  diagonal  pipe  and  the  center 
of  the  fittings. 

Example. — What  length  of  pipe  is  required  at  t.  Pig.  21.  assuming 
that  1  inch  is  allowed  between  each  end  of  the  pipe  and  the  centers  of 
the  fittings,  and  that  the  distance  r  is  4  feet  9  inches  ? 

Solution.—  4  ft.  Bin.  x  1.4142 -(1  +  1)=  57  x  1-4143- 3  =  78.6in., 
or  6  ft.  e^in.,  fully.    Ans. 

31.  A  simple  method  for  finding  the  diagonal  length  is 
as  follows:  Strike  two  parallel  chalk  lines  on  the  bench  or 


Fio.  n 


floor  to  represent  the  center  lines  of  the  pipes  to  be  joined 
by  the  diagonal  piece,  as  a  ^  and  c  d.  Fig.  "%%.     Lay  a  steel 
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square  against  one  of  these  lines,  as  shown,  and  draw  a  per- 
pendicular e  f.  From  the  intersection  at /"on  ft/ lay  off  a 
point  g,  making  fg  equal  to  ef.  Draw  a  line  through 
e  and  g.  Then  lay  a  45°  fitting  over  each  of  these  intersec- 
tions and  measure  with  a  rod  A,  as  shown,  the  length  of 
pipe  required. 


BRASS,   COPPER^  AND    EARTHENWARE 
PIPEWORK 


BRASS  AND  COPPER  PIPEWORK 


noU>n4G  THE  I'IPEa 

33.  Brass  and  copper  pipes  of  iron-pipe  size  are  handled 
the  same  as  iron  pipe,  excepting  that  more  care  is  exercised 
in  preserving  the  surface  of  the  pipe  from  being  damaged 
by  the  jaws  of  the  pipe  vise  or  the  pipe  wrenches.  While 
pipe  tools  used  for  gripping  iron  pipe  have  teeth  that  cut 
into  the  pipe,  the  tools  used  for  brass  or  copper  pipe  should 
grip  the  pipe  only  by  friction,  so  that  the  pipe  will  not  be 
marked  by  the  vise  or  the  other  tools. 

33.  Friction  clamps  made  as  shown  in  Fig.  33  are  used 
■  for  fixing  a  pipe  in  the  pipe  vise.  The  clamps  a  and  b  are  made 
to  fit  the  jaws  of  an 
ordinary  vise,  and  the 
curve  is  formed  to  fit 
a  standard  size  of  pipe. 
The  curve  is  lined 
with  rubber  or  some 
other  soft  body.  The 
pipe-vise  iaws  com- 
press  a  and  b  and 
the  pipe  then  cannot  slip.     The  clamps  are  made  long  so  as 
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to  spread  the  pressure  over  a  large  area  of  pipe  and  thus  pre- 
vent its  flattening.     Fig,  24  shows  how  a  plumber  can  make 
his  own  friction  clamps.     A  com- 
mon iron-pipe  coupling  is  sawed 
into   equal  parts  a   and  Ir,   and 
then  lined  with  thick  sheet-lead 
pieces  c,  d.      They  grip  the  pipe 
like  a  and  b,  in  Fig.  33,  but  with 
heavy    pressure    from    the    pipe 
vise  these  clamps   are  liable    to 
spread.      Powdered  rosin  is  usu- 
ally   sprinkled    in  these   clamps 
to    prevent    the    pipe   slipping. 
This  can  be  washed  off  the  pipe 
with     kerosene     oil     after    the 
threads  are  cut.     If  the  pipes  are  nickel  plated,  care  must 
be  taken  to  prevent  their  slipping  in  the  clamps;   other- 
wise ugly  rings  will  be  scratched  around  the  pipe,  which 
indicates  careless  workmanship. 


Tn BEADING    BRASS   AND   COPPER   PIPE 

34,  In  threa^lliig  brass  or  copper  pipe,  particular 
care  should  be  taken  to  revolve  the  dies  with  a  uniform 
motion.  This  prevents  splitting 
the  pipe,  and  allows  the  dies  to  cut 
slowly  and  evenly,  which  helps  to 
prevent  the  thread  from  being 
ragged  or  chewed  away  in  places. 
Particular  care  should  be  taken,  in 
threading  nickel-plated  pipe,  to 
make  the  threads  just  long  enough 
to  be  all  hid  in  the  fitting,  as  shown  P'o.  » 

at  a  in  Fig.  25,  instead  of  having  them  too  long  and  allow- 
ing a  few  threads  void  of  plating  being  visible,  as  at  b.  The 
former  indicates  neat,  skilful  workman.ship. 

The  neat  finish  shown  at   «,  Fig.  35,  is  readily  obtained 
by  the  use  of  reces-sed  Httliigs,  which  allow  some  of  the 
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plain  part  of  the  pipe  to  slip  into  the  socket,  as  shown  at  a 
n  Fig.  26.     The  liability  of  hav- 
ng  threads  show  when  tlie  fitting 
s  screwed  up  is  thus  avoided. 

35.  Thin  brass  tubes,  such  as 
are  commonly  used  for  flush 
pipes,    waste    pipes   under   wash 

basins,  etc.,  are  cut  with  a  hack  ^"'-  * 

saw,  and  then  threaded  with  special  dies  having  a  larger 
number  of  threads  (27  to  the  inch)  than  ordinary  iron-pipe 
dies.     Special  flue  thread  flttlnprs  are  used  for  such  tubes. 

36.  In  threading  nickel-plated  pipe,  a  wrapping  cloth  or 
paper  should  be  placed  between  the  guide  and  the  pipe,  in 
order  that  the  guide  will  not  mark  the  pipe  as  it  revolves. 


SCREWING   UP    FITTINGS 

37.  The  best  way  of  sere-wing  up  such  fittings  as 
elbows  and  tees,  is  to  screw  a  short  piece  of  pipe  into  the 
fitting  and  to  use  it  as  a  lever.  After  the  fitting  is  screwed 
home,  the  piece  of  pipe  is  removed.  As  brass  fittings 
yield  quite  easily,  owing  to  their  comparative  softness,  there 
is  a  danger  of  seriously  distorting  them  if  they  are  screwed 
home  by  the  aid  of  a  pipe  wrench  or  raonkeywrench. 

38.  Fittings  that  are  furnished  with  hexagon  shoulders 
should  be  screwed  up  by  applying  a  monkeywrench  to  the 
hexagon,  placing  a  piece  of  cloth  between  the  jaws  of  the 
wrench  and  the  nickeled  surface.  A  wrench  with  teeth 
should  never  be  used  for  nickel-plated  brass  or  copper  work. 
The  joints  of  brass  and  copper  pipes  are  usually  put  together 
with  red  or  white  lead  in  the  threads.  When  they  are  to 
be  soldered,  or  sweated,  as  it  is  called,  the  threads  should 
be  tinned  with  half-and-half  solder,  and  while  hot  screwed 
up  tight  before  the  solder  has  time  to  set.  A  torch  flame  is 
used  for  heating  the  work,  which  is  tinned  by  rubbing  it 
while  hot  with  a  strap  of  solder. 
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30.     Before  attemptin)^  to  bend  brafis  or  copper  pipe, 

it  should  first  be  annealed,  that  is,  made  red  hot,  and  then 
plunged  into  cold  water.  This  softens  the  pipe  and  makes 
it  easier  to  bend.  Common  water  pipes  (iron-pipe  size) 
having  diameters  less  than  1  inch  are  bent  cold  over  a 
grooved  block,  in  the  same  manner  as  iron  pipe.  Larger 
sizes,  however,  after  annealing  are  filled  with  melted  rosin 
and  then  bent  over  a  form  when  cold.  The  rosin  having 
solidified  in  the  pipe,  prevents  its  collapsing  while  being 
bent.  After  the  proper  shape  is  obtained  the  pipe  is  again 
heated  to  melt  the  rosin,  which  is  allowed  to  run  out.  Some- 
times the  pipes  are  filled  with  melted  lead,  while  some  people 
use  sand  for  filling  the  pipe. 

40.  Nickel-plated  pipes  should  not  be  bent  after  th^y  are 
plated.  They  should  first  be  bent  to  suit  their  respective 
positions  and  then  nickel  plated,  since  nickel  plating  usually 
cracks  at  the  bends  when  an  attempt  is  made  to  bend  nickel- 
plated  pipe.  In  bending  brazed  tubing,  the  seam  should 
always  be  on  the  inside  of  the  bend,  because  it  is  more  brittle 
than  the  other  parts,  and  being  weaker,  it  may  open  out  if 
placed  anywhere  else. 

EARTHENWARE   PIPEWORK 

r^CATION    AND   CUTTING    PIPE 

41.  Earthenware  pipes  should  never  be  used  inside 
of  or  under  buildings;  in  fact,  all  plumbing  ordinances  pro- 
hibit their  use  in  such  places.  They  should  only  be  used 
for  underground  work  outdoors,  and  then  only  in  ground 
that  will  not  settle.  Made  ground,  that  is,  ground  made 
by  filling  in  with  ashes  and  earth,  is  sure  to  settle,  and  in 
doing  so,  break  the  pipes. 

43.  To  cut  earthenware  pipe,  lay  it  on  a  mound  of  soft 
earth  and  then  cut  a  groove  all  around  the  pipe  with  a  sharp 
cold  chisul  and  a  light  hammer. 
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MAKING   JOINTS 

43.     To  make  good  joints  in  earthenware  pipes,   place 

some  cement  (half  Port- 
land   cement     and    half 

clean  sand)  in  the  bottom 

of  the  socket,  as  shown  in 

Fig.  37.     Then  enter  the 

spigot   end   of    the   pipe 

about  to  be  laid  into  the 

socket,    as    shown    iii 

Fig.  28.    When  the  spigot 

end     is     pushed      hard 

against  the  socket  shoulder  at  a,  let  it  down  on  the  cement. 

Beat  it  down  gently  with  a  wooden  tool,  the  hammer 
handle,  for  instance, 
until  it  is  in  the  center 
of  the  socket.  This 
presses  the  superflu- 
ous cement  out  of  the 
socket  and  insures 
the  bottom,  which  is 
the  most  important 
part  of  such  a  joint, 
^"^  **  being    tight.      The 

entire  joint  should  then  be  carefully  cemented  water-tight.. 

When  this  is  done,  a  wooden  scraper  is  pushed  inside  the 

pipe,    and    any   cement   that   may  have  worked    inside    is 


scraped  out,  as  shown  in  Fig.  29.  This  figure  shows  a  well- 
made  joint  that  will  be  perfect  after  the  loose  cement  a  is 
removed. 
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44.  Fig.  30  shows  a  very  common  defective  joint,  where 
cement  projects  on  the  inside,  as  at  a.  This  defect  gen- 
erally occurs  when  a  whole  line  of  pipes  is  first  laid  in  a 
trench  and  then  jointed.  The  proper  method  is  to  cement 
and  finish  each  length  of  pipe  as  soon  as  laid.     If  joints 


PlO.  30 

must  be  cemented  after  the  eritire  line  of  pipes  is  laid,  it  is 
advisable  to  calk  two  strands  of  oakum  into  the  socket 
before  the  cement  is  applied.  This  will  prevent  the  cement 
from  running  into  the  pipe.  It  will  also  help  to  center  the 
spigot  in  the  socket. 

TABLE    II 


SPACING    FOR  TACKS 


Distance  Apart  in  Inches 

Vertical  ±-ipe 

Horizontal  Pipe 

Hot 

Cold 

Hot 

Cold 

i8 

-"■t 

.2 

16 

19 

'5 

'4 

'7 

20 

26 

•5 

18 

21 

27 

16 

19 

28 

'7 

20 

n 

29 

18 

21 

24 

30 

18 

22 
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PIPEWORK 
PIPE    SUPPORTS 


SUPPORTING    LEAD   PIPES 

TACKS,  BANDS,  COLI.AIt!4,  ANU  LEUGES 

46.     Lead  pipes  2  inches  in  diameter  and  less,  which  run 
against    walls,  etc.,  are    usually    supported    by    means    of 
flanges,  or  pipe  tacks,  which  are  soldered  on  to  the  pipe 
at  convenient  intervals,  and  are  fastened  to  the  walls  with 
common  wood  screws,  as  illustrated 
^^1^  in   Fig.   31,  which    shows  a  ^-inch 

lead  pipe  a  secured  to  a  wall  or  pipe 
board  b  by  molded  pipe   tacks  c,  c 
and  1-inch  wood   screws  d,  d,  etc. 
The     tacks     are 
made  of  old  lead, 
slightly  hardened 
with    a    few    old 
wiped    joints 
mixed  in.     They 
are  cast  in  brass 
molds  and  can  be 
bought    from 
dealers  of  plumb- 
ing material. 

The    approxi- 
mate spacing  for  r~*^f^^ 
'  tacks  on  lead  jr--l;l'C  V  "*-- 
pipes  is  given  in 
^"'  "  Table  II.  *'"'•  ** 

46.  Pipes  over  2  inches  in  diameter  are  best  supported 
by  means  of  broad  bands,  such  as  are  shown  in  Fig.  3"i, 
which  are  attached  at  intervals  of  about  3  or  4  feet.  The 
width  of  the  bands,  along  the  line  of  the  pipes,  measured  for 
pipes  of  3,  3,  or  4  inches  diameter,  should  be  about  li,  8,  or 
10  inches,  respectively.     An  oblong  hole  c  is  cut  in  the  front 
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of  the  band  and  is  filled  with  hot  solder  and  wiped  to  the 
face  of  the  pipe.  The  side  flanges  of  the  band  are  wiped  to 
the  face  of  the  pipe,  as  shown  at  b.  The  band  is  shown 
secured  to  a  stone  wall  by  flathead  spikes  a,  driven  into 
wooden  plugs  d,  which  have  been  previously  driven  into 
holes  cut  in  the  stonework, 

47.  Vertical  pipes  of  lead  are  usually  supported,  where 
they  pass  through  floors,  by  means  of  a  flange,  or  collar, 
which  is  wiped  to  the  pipe;  or  a  flange  joint  is  made  at  that 
point.  The  diameter  of  the  flange  should  be  about  2  inches 
larger  than  that  of  the  pipe,  to  give  room  for  wiping. 

48.  When  a  hot-water  pipe  runs  horizontally,  it  is  best 
to  support  it  upon  a  continuous  ledge,  or  shelf.  It  should 
have  room  enough  laterally  to  bend  and  creep,  and  should 
be  kept  from  working  off  the  shelf  by  a  suitable  rim  or  flange 
along  the  edge  of  the  shelf. 

49.  Lead  pipes  should  not  be  supported  by  iron  wall  hooks 
or  similar  supports,  unless  they  are  protected  by  an  extra 
thickness  of  sheet  lead  between  them  and  the  iron,  because 
the  edges  of  the  iron  will  gradually  cut  into  the  lead  and  thus 
weaken  the  pipe. 

,  HTFLUENCB   OF  TEMPERATURE 

flO.  If  the  temperature  of  a  lead  pipe  that  is  supported  by 
rigid  fastenings  is  maintained  nearly  uniform,  as  in  the  case 
of  the  cold-water  supply  pipes,  the  pipe  can  only  be  changed 
in  form  by  its  own  weight,  the  jarring  of  the  building,  etc. 

If,  however,  the  temperature  of  the  pipe  is  variable,  as  in 
the  case  of  the  pipes  that  supply  hot  water  to  the  plumbing 
fixtures,  the  pipes  will  expand  as  the  temperature  increases, 
which  causes  them  to  bulge  between  their  supports.  If  the 
pipes  are  vertical,  they  will  bulge  either  from  the  wall 
against  which  they  are  secured  or  parallel  to  it.  If  they 
are  horizontal  or  inclined,  they  will  always  bulge  downwards 
and  form  pockets  or  sags.  Lead  is  so  very  low  in  elasticity 
that  when  the  pipe  becomes  cool,  the  sags  are  not  entirely 
taken  up  by  contraction,  and  upon  every  application  of  heat 
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the  sags  will  increase  in  size,  particularly  on  horizontal 
pipes,  until  the  lead  becomes  so  thin  near  the  points  of  sup- 
port as  to  cause  a  leak.  The  leak  generally  occurs  in  a  crack 
that  is  formed  around  that  part  of  the  pipe  near  the  tacks. 
Suppose  that  a  lead  waste  pipe  3  inches  in  diameter, 
secured  in  a  vertical  position  against  a  wall  by  hard  metal 
tacks  or  lead  bands,  has  a  kink  in  it,  and  that  hot  water 
passes  through  the  pipe  periodically.  It  will  be  found  that 
since  the  kink  is  the  weakest  part  of  the  pipe,  it  will  take 
up  most  of  the  expansion  between  the  tacks  on  each  side  of 
it.  This  action  subjects  the  kink  to  a  cross-strain,  repeti- 
tions of  which  will  soon  overcome  the  cohesive  strength  of 
the  lead  and  cause  the  metal  at  that  point  to  crack.  Kinks 
should  be  carefully  avoided  in  all  lead  pipework.  A  kink 
in  a  lead  waste  pipe  is  a  positive  sign  of  slovenly,  careless, 
or  ignorant  workmanship,  and  should  not  be  tolerated. 


SUPPORTING   IRON   AND  BRASS    PIPES 

IRON  AND   BRASS   PIPE   SUPPORTS 

51.  Wrought-iron  pipes  may  be  fastened  in  place  by 
common  drive  hooks,  but  where  a  good  appearance  is 
desired,  they  should  be  fastened  with 
bands,  which  are  secured  to  the  walls 
by  screws,  as  shown  in  Fig.  33.  The 
band,  or  strap,  a  should  be  made  of 
wrought  iron  tinned. 

Brass  pipe  may  be  similarly  sup- 
ported, making  the  bands  of  brass.  It 
is  usually  supported,  however,  by  spe- 
cially made  clamps  or  pipe  hangers, 
which  are  first  attached  to  the  walls,  Fio.  st 

the  pipe  being  afterwards  laid  in  them  and  locked  there  by 
closing  the  outer  half  of  the  clamp,  which  is  hinged  to  the 
main  body.  Such  supports  usually  hold  the  pipe  at  a  little 
distance  from  the  walls;  this  prevents  vermin  from  lodging 
around  it.  and  also  allows  it  to  be  polished  conveniently. 

W— 29 
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SUPPOBTINO  CAST-IBON  PIPES 

52.  Cast-iron  soil  and  vent  pipes  should  be  strongly 
secured  in  place.  Vertical  stacks  should  rest  on  a  solid 
support  at  the  bottom.  If  an  elbow 
occurs  at  the  base  of  the  stack,  it 
should  be  provided  with  a  flat  foot,  or 
heel  rest,  as  shown  at  it  in  Fig.  ;t4. 

The  weight  of  the  pipe  should  be 
borne  entirely  by  the  base  support. 
The  pipe  should  be  held  in  place  by 
means  of  hooks  or  bands,  which  are 
placed  at  intervals  of  5  feet  or  less, 
according  to  the  nature  of  the  work. 

SS-    The  pipe  may  also  be  secured  against  the  face  of  a 
stone   wall  by  means  of  a  wrought-iron  band  a,  as  shown 
in  Fig.  35.    Two  holes  />,  b    ___^_______^_^_______ 

are  cut  in  the  stone,  and 
the  ends  of  the  band  are 
calked  in  the  holes  with 
lead.  This  style  of  fasten 
\iv^  is  neat  and  reliable. 

All  hooks  or  bands  should 
clasp  the  pipe  close  under 
the  hub,  or  around  it,  and  ""'  " 

should  not  be  placed  midway  between  the  joints,  if  it  is 
possible  to  avoid  it. 

54,  If  the  pipes  stand  in  a  chase,  or  groove,  in  the  wall, 
they  may  be  fastened  by  means  of  clamps,  or  pipe  rests, 
.«,  which   are   secured    in  notches   b,  b  cut  in   the  wall,  as 

shown  in  Fig,  36. 

Care  must  be  taken  that  the  fastenings  are  so  arranged 
that  the  pipe  will  be  free  to  contract  and  expand  with  the 
changes  of  temperature  without  loosening  itself,  or  tearing 
the  fastenings  loose  from  the  walls.  Buildings  are  always 
liable  to  settle,  and  this  must  be  kept  in  mind  when  locating 
the  pipe  fastenings. 
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Iron  drain  pipes  that  run  inside  of  basements  or  cellars 
should  be  thoroughly  supported  by  wrought-iron  straps  fas- 
tened to  the  beams  overhead,  or  else  they  should  be  sup- 
ported at  short  intervals  on  brick  piers  or  iron  standards, 
or  by  wall  hooks  driven  into  the  brick  or  stone  walls. 


A  substantial  pier  should  always  be  placed  under  each 
stack.  In  all  cases  a  firm  support,  such  as  a  brick  pier  or 
iron  corbel,  should  be  placed  under  the  junction  of  the  stack 
with  the  inclined  drain  pipe.  All  stacks  should  be  sup- 
ported independently  of  the  main  drain,  so  as  to  relieve  the 
inclined  pipe  of  the  weight  of  the  stack. 

FASTENING  DEVICES  FOB  STONEWORK 

55.  In  pipework,  as  well  as  in  other  work  connected 
with  plumbing,  it  often  occurs  that  pipe  hangers  and  other 
apparatus  are  to  be  fastened  to  stonework  by  means  of  bolts, 
or  rods  are  to  be  fastened  to  stonework  for  various  purposes. 

A  hole  about  J  inch  larger  than  the  rod  is  first  cut  or 
drilled  in  the  stone  to  a  suitable  depth,  which  will  vary 
with  the  nature  of  the  work,  a  common  depth  being  from 
4  to  C  inches.  The  end  of  the  rod  is  notched  or  roughened 
in  some  way;  it  is  then  inserted  in  the  hole,  and  the  space 
around  it  is  filled  with  a  suitable  cement,  such  as  melted 
sulphur.  If  the  connection  is  exposed  to  the  weather,  the 
exposed  part  of  the  iron  should  be  coated  with  asphaltum  or 
other  waterproof  compound. 
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The  rod  may  also  be  secured  by  filling  up  the  hole  with 
molten  lead  and  finishing  by  calking  the  lead.  Care  must  be 
taken  in  calking  to  avoid  splitting  the  stone.  The  junction 
of  the  lead  and  iron  generates  a  chemical  action  that  corrodes 
the  iron  and  gradually  eats  it  away.  This  may  be  prevented 
by  coating  the  exposed  part  of  the  iron  with  asphattum. 

56,  Bolts  may  be  secured  to  marble  or  slate  slabs  by  the 

method  shown  in  Fig.  37. 

A  hole  is  drilled  in  a  slab  a  to  the 
required  depth,  and  is  enlarged  at  the 
inner  end,  as  shown,  by  means  of  suit- 
able chisels.  After  the  bolt  is  placed  in 
the  hole,  molten  lead  is  poured  around 
the  bolt.  The  lead  is  then  gently 
calked.  If  the  lead  iscalked  too  much, 
the  marble  will  break  away,  as  shown 
by  the  lines  s.  Plaster  of  Paris  is  also 
^"^-  ^  used  to  fill  the  space  around  the  bolt 

in  cases  where  but  little  strain  is  likely  to  be  put  on  it. 

57.  Attachments  may  be  made  to  stonework  by  means 
of  expansion  bolts,  as  shown  in  Fig.  38,  These  bolts  are 
provided  with  a  loose  ring  a,  having 

its  lower  edge  beveled,  and  a  notched 
ring  d  of  soft  metal.  A  hole  is  drilled 
in  the  stone  large  enough  in  diameter 
to  fit  the  bolt  closely,  and  the  bolt 
is  pushed  in  ■  to  the  depth  required. 
The  nut  c  is  then  screwed  down  and 
the  ring  a  is  forced  into  the  end  of 
the  soft  ring  ^,  which  is  thereby  ex- 
panded against  the  sides  of  the  hole. 
These  bolts  are  less  liable  to  split  the 
stones  than  those  that  are^calked  with 
lead,    because   the   directions   of   the 

forces  exerted  in  securing  this  bolt  are  mainly  in  directions 
parallel  with  the  surface  of  the  slab  and  in  the  middle  of  its 
thickness,  as  shown  by  the  arrows. 
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WASHING  AND  DRINKING 
FIXTURES 

CONSTRUCTION  AND  INSTALLATION 


INTBODUCnON 

MODERN  PLUMBING 

1.  In  modern  plumbing  all  work  as  far  as  feasible  is 
open,  that  is  to  say,  the  pipes  and  fixtures  are  exposed  to 
view  as  much  as  circumstances  permit.  In  places  where 
the  piping  cannot  be  exposed,  it  is  made  accessible  by  easily 
removable  pipe  boards,  which  allow  repairs  and  changes  to 
be  made  in  the  piping  without  damage  to  the  building.  As 
the  fixtures  are  not  boxed  in  with  woodwork,  they  can  be 
easily  kept  clean  and  repaired;  hence,  they  are  better  from 
the  sanitary  standpoint  in  every  respect. 

Formerly  it  was  the  common  practice  to  encase  all  fix- 
tures in  woodwork  finished  and  ornamented  in  various 
ways;  this  practice,  however,  has  been  abandoned  in  favor 
of  the  more  sanitary  and  more  sightly  open  work. 

3.  Plumbing  fixtures  consist  of  all  kinds  of  sinks,  laun- 
dry or  wash  tubs,  lavatories  or  wash  basins,  drinking  foun- 
tains, bath  tubs,  urinals,  water  closets,  and  latrines.  All 
plumbing  fixtures  in  buildings  are  or  should  be  connected 
with  water  pipes  that  supply  them  with  either  hot  or  cold 
water,  or  both,  and  should  be  connected  to  waste  pipes  to 
§19 
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drain  the  water  or  other  refuse  matter  from  them  when 
necessary.  The  pipes  supplying  the  water  are  known  as  the 
supply  connections,  and  the  pipes  draining  the  fixtures 
as  the  vraaie  connections.  In  combination  with  water 
closets,  latrines,  and  urinals  that  receive  their  water  supply 
from  a  tank  overhead,  the  supply  or  inlet  connections  are 
known  as  flush  connections,  and  the  outlet  or  waste  con- 
nections as'  soil  connections. 


CLASSIFICATION 

3>  There  are  several  varieties  of  sinks,  viz.,  kitchen 
sinks,  butler's  pantry  sinks,  slop  sinks,  and  ivash  sinks. 
They  are  made  of  wood,  cast  iron,  steel,  enameled  iron, 
brown-glazed  earthenware,  porcelain,  soapstone,  slate,  etc. 
All  sinks  should  be  provided  with  a  strainer  and  waste  pipe. 
The  waste  pipe  should  be  trapped  if  it  extends  to  a  drain 
pipe  or  cesspool;  even  if  it  is  open  to  the  air  at  the  end,  it 
should  be  trapped  to  prevent  the  wind  from  blowing  foul 
odors  back  into  the  house. 

KITCHEN  8INK8 

4.  General  Instructions. — Sinks  that  are  placed  in  a 
kitchen  are  known  as  kitchen  sinlcs.  They  should  he  sit- 
uated where  there  is  plenty  of  light,  and  as  near  to  the 
pantry  as  possible,  so  as  to  save  steps  for  the  persons  using 
them.  They  should  be  such  a  distance  from  the  range  that 
the  persons  using  them  will  not  be  subjected  to  the  heat  of 
the  fire,  and  should  be  set  near  a  window,  if  possible,  to 
secure  plenty  of  light  and  ventilation.  Sinks  should  not  be 
encased  in  woodwork,  but  left  exposed  all  around,  so  that 
no  damp  places  can  be  maintained.  Care  should  be  taken 
to  avoid  leaving  any  crevice  or  cranny  where  dirt  can  lodge 
or  where  vermin  may  breed.  If  the  sink  is  furnished  with 
a  back   of    any   material,    the   space   behind   it   should    be 
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thoroughly  filled  with  cement  or  plaster  of  Paris,  or  it  may 
be  left  open  for  access  to,  and  ventilation  of,  the  parts. 

Kitchen  sinks  should  be  supported  by  legs,  or  placed  upon 
substantial  brackets,  at  a  height  of  about  30^  inches  above 
the  floor;  i.  e.,  from  the  floor  level  to  the  top  or  rim  of  the 
sink. 

5.  Wooden  Sinks. — Wooden  sinks  are  made  of  well- 
seasoned,  flrst -class  quality,  heart -stock  wood.  It  should  be 
free  from  knots,  splits,  sapwood,  and  other  imperfections. 
The  best  quality  of  white  pine  about  3  inches  thick  is  pre- 
ferred, and  the  entire  woodwork  should  be  thoroughly 
soaked  in  boiled  linseed  oil  and  permitted  to  dry  before 
water  is  allowed  to  run  into  the  sink.  The  oil  will  preserve 
the  material,  close  the  pores,  and  prevent  their  becoming 
filled  with  organic  matter,  such  as  grease,  which  will 
decompose  and  emit  offensive  odors. 

6.  Fig.  1  shows  the  genera/  construction  of  a  wooden 
sink.  The  bottom  boards  a  and  side  boards  d  are  let  ^  inch 
into  the  end  boards  c,  as  shown  at  d,  d.  The  bottom  is  also 
let  into  b.  The  joints  are  all  painted  and  bedded  with  red- 
or  white-lead   putty,  and   the   boards   are   securely  spiked 


together  with  4-inch  galvanized -ir< 
constructing  this  style  of  sink,  the  cj 
waste  hole  in  the  bottom  near  one 
the  countersunk  part  at  least  4  ii 
J  inch  deep,  and  the  hole  just  large 


n  or  brass  nails.  In 
rpenter  should  cut  the 
snd,  as  shown,  making 
ches  in  diameter  and 
inough  to  fit  the  trap. 
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7.  A  detail  of  a  common  form  of  waste  connection  is 
shown  in  Fig.  3.     The  waste  pipe  a  is  made  of  lead,  and  is 

flanged  over  and  se- 
cured with  copper 
tacks.  The  str^ner  b 
is  made  of  sheet  cop- 
per, and  is  sunk  flush 
with  the  bottom  of 
the  sink.  The  con- 
'^*'-  ■  nection  is  made  water- 

tight by  setting  the  flanged  end  of  the  pipe  in  red  or  white 
lead.  This  connection  can  be  strengthened  by  wiping  a 
flange  around  the  pipe  at  c,  and  fastening  it  to  the  wood- 
work. 

Although  wooden  sinks  and  the  waste-pipe  connection  to 
them  are  illustrated  and  described,  their  use  is  not  recom- 
mended, because  the  wood  absorbs  foul  matter  that  soon 
decomposes  and  evolves  disagreeable  odors.  Wooden  sinks 
also  tend  to  propagate  vermin. 

Wooden  sinks  may  be  lined  with  sheet  metal,  preferably 
copper,  weighing  16  to  30  ounces  per  square  foot.  The 
bottom  must  be  secured  at  several  points  by  solder  dots,  to 
prevent  bulging  when  heated. 

8.  Preaaed-Steel  Sinks. — Of  late  years  there  have  been 
placed  on  the  market  sinks  pressed  into  shape  from  one 
piece  of  steel, 
the  corners  being 
rounded  and  the  top 
edge  flanged  over 
about  1  inch.  They 
can  be  obtained 
painted  or  galvan- 
ized. They  are  used 
only     on     the     very  ^"'- ' 

poorest  class  of  work,  as  they  corrode  rapidly,  and  owing 
to  the  extreme  thinness  of  the  metal,  they  become  use- 
less.     These   sinks  are   not    to    be    recommended,    unless 
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they  are  made  of  metal  at  least  ^  inch  thick.  Fig.  3  shows 
the  common  form  of  pressed-steel  sink  having  the  strainer 
at  one  end.  The  bottom  pitches  down  about  i  inch  to  the 
strainer  when  the  flange  is  set  level. 

9.  Fig.  4  shows  how  a  suitable  f^ame  support  for  a 
pressed-steel  sink  may  be  made  and  secured  in  place. 
Cleats  a,  a,  rt,  3  or  4  inches  wide  by  3i  inches  thick,  are 
nailed  to  the  wall  at  a  height  of  2  feet  6  inches  above 
the  floor,  to  support  the  back  flange  of  the  sink.  The 
cross-pieces  d,  b'  support  the  end  flanges,  and  the  strip  c 


supports  the  front  flange.  The  strips  d,  d,  d,  b',  support  a 
drain  board  at  the  left-hand  end  of  the  sink.  These  pieces 
just  mentioned  are  constructed  with  a  pitch  toward  b\  of  at 
least  i  inch  to  the  foot,  so  that  water  may  drain  from  the 
board  into  the  sink.  All  the  strips  except  a,  a,  a  are  about 
1^  inch  thick.  Strong  iron  brackets  e,  e,  e,  secured  to 
special  blocks  at  the  back  of  the  wainscoting,  support  the 
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sink  frame.  The  spaces /,/and  the  holes ^,^are  for  the 
hot-  and  cold-water  supply  pipes,  if  they  come  up  through 
the  floor.  The  hole  h  is  for  the  sink  waste  pipe;  the  coup- 
ling /',  which  projects  through  the  wainscot  about  ^  inch,  is 
for  a  back  vent  connection. 

10.  The  common  form  of  waste  connection  for  a  pressed- 

steel  sink  is  shown  in  Fig.  6. 

*  .-^iiW   A  brass  sleeve  a  passes  down 

^-ij-^S^^^ * '^MJ  ^m ■  r      through  a  hole  in  the  sink.    A 

^^^BBm^*-^^^  lockout  b,  when  screwed  up  on 

"  ^w™T  ^ft  the  threaded  end  of  a,  squeezes 

^fr^ — -M^  a     leather     or-    other    gasket 

Tp»^rf  against  the  bottom  of  the  .sink 

tjli^P  and  makes  a  water-tight  joint. 

^i*- "  A    brass    coupling  c,    shown 

screwed  up,  can  be  unscrewed  and  the  coupling  tail  (/soldered 

to  the  sink  trap.     This  coupling  joint  is  usually  made  tight 

with  a  leather  gasket.     The  strainer  is  held  in  place  by  a 

screw  e  screWed  into  a  cross-piece  cast  in  a.. 

11.  The  first  cost  of  a  pressed-steel  sink  is  less  than  that 

of  a  cast-iron  sink,  but  the  cast-iron  one  is  much  more 
durable,  and  is  cheaper  in  the  end.  Iron  or  steel  sinks  can 
be  obtained  with  porcelain  enamel  linings ;  they  are  quite 
reasonable  in  price  and  appear  well  when  new,  but  the 
enamel  cannot  withstand  very  rough'  usage;  it  chips  off 
easily.  Enameled  iron  is  quite  suitable  for  sinks  that  are 
not  supplied  with  hot  water,  and  particularly  so  for  sinks 
that  do  not  receive  rough  usage.  Iron  pans,  pails,  and 
cooking  pots  are  frequently  scoured  in  kitchen  sinks;  their 
sharp  edges  easily  chip  the  enamel  coating  and  thus  expose 
the  iron,  which  mars  the  appearance  of  the  sink. 

15J.  Cast-Ipon  Blnks. — There  are  sinks  in  the  market 
made  of  cast  iron.  These  are  made  generally  as  shown  in 
Fig.  3,  that  is,  with  a  flat-flanged,  square -cornered  top 
about  1  inch  wide,  square  or  roiinded  inside  corners,  sloping 
sides,  and  a  slightly  sloping  bottom,  the  strainer  opening 


D.qit.zeaOvGoOt^lc 


§  19     WASHING  AND  DRINKING  FIXTURES  7 

being  from  J  inch  to  ^  inch  deeper  than  the  opposite  end. 

They  are   usually   made 

with  Ingrs  or  sockets  on 

the  side  to  receive  the  top 

of  sink  legs,  as  shown  in 

Fig.  6  (a).     A  section  on 

the  line  i^  ^  is  shown  in 

Fig.  6  {*).      The  sockets 

are  slightly  wider  at  the 

bottom   than  at  the  top, 

and   the  top  of   the  sink 

leg  .c    is    tapered    to    fit 

the  socket.     This  makes  a 

strong  sink  support,   and 

is  preferable  to  brackets; 

it  is  especially  recommended  for 

13,  The  strainer  connection  to  a  cast-iron  sink  is 
usually  made  as  shown  in  Fig.  7.  The  lead  waste  pipe  a  is 
flanged  over  the  conical  nozzle  d  of  the  sink,  and  is  held  in 
place  by  the  clamp  ring  c  and  the  bolts  d,  d.     To  prevent 


water  from  leaking  past  the  heads  of  the  bolts  and  trickling 
down  on  the  outside  of  the  pipe,  washers  of  rubber  or  leather 
are  set  up  tight  by  the  nuts  e,  e.  This  strainer  waste  con- 
nection is  usually  employed  for  kitchen  sinks,  because  it  is 
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customary  among  cooks  and  scullery  maids,  or  dishwashers, 
to  use  portable  tin  dish  pans  for  washing  dishes,  the  sinks 
being  used  only  as  receptacles  to  receive,  and  drain  away  as 
quickly  as  possible,  the  water  poured  into  them. 

14.  Should   it   be  necessary  to  arrange  a  sink  to  hold 
water,    a  pluff  sink   strainer, 

shown  in  Fig.  8,  may  be  used 
instead  of  the  plain  perforated 
strainer  shown  in  Fig.  7.  The 
strainer  is  made  of  brass,  and 
the  plug  may  either  be  of  brass 
ground  to  fit  the  socket,  or  of 
rubber.  The  flange  should  be  bedded  down  with  patty  made 
of  red  and  white  lead  in  order  to  be  water-tight. 

15.  The  clamp  ring  c  in  Fig.  7,  also  called  sink  conp- 
lliig,  or  sink  ring,   is  intended  for  a 

lead-pipe  connection.  Should  it  be 
desired  to  connect  the  sink  to  iron 
pipe,  a  heavy  ecrew^ed  elnk  coup- 
ling, shown  in  Fig.  9,  should  be  used. 
This  is  tapped  1|  inches  or  3  inches 
to  suit  the  size  of  waste  pipe  required.  ^"*' ' 

16.  Cast-iron    kitchen   sinks    can    be   purchased    from 

plumbers'    supply   houses    either 

plain,    painted,    galvanized,    or 

enameled,  and    with    plain  fiat   rims 

or  roll  rims.     Fig.  3  shows  a  plain 

flat-rlm  sink,  so  called  because  the 

rim  is  flat  and  plain.     This  form  of 

rim  is  usually  surmounted  by  a  wood 

cap,  as  shi)wn  in  Fig.  10.     The  cap  a, 

preferably  made  of  ash  1{  or  \\  inches 

thick,  is  bedded  down  with  red-lead 

'''"■"'  putty   b   and   is  held  in  place  by 

•l\-  or  3-inch  brass  screws,  as  shown.     This  arrangement, 

however,  has  too  much  woodwork,  which  should  be  avoided. 
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17.  The  fixture  shown  in  Fig.  11  is  a  plain  cast-iron 
sink  with  a  cast-iron  sink  bade,  which  is  secured  against 
the  wall.  This  back  piece  acts  as  a  splash  plate,  and  helps 
to  protect  the  wall.  Here  it  may  be  mentioned  that  sink 
backs  are  only  necessary  when  the  walls  against  which  the 
sinks  are  set  are  made  of  porous  materials,  as  plaster  or 
wooden  wainscoting,  which  will  rot.  If  the  walls  are  tiled 
or  wainscoted  with  marble  or  other  such  material,  the  sink 


back  may  be  omitted.  The  sink  is  supported  behind  by 
strips  of  wood  nailed  to  the  studs,  as  at  a,  a,  a  in  Fig.  4;  the 
feet  of  the  cast-iron  legs  are  screwed  to  the  floor.  The  hot- 
and  cold-water  pipes  run  up  at  the  back  of  the  splash  plate, 
which  makes  a  plain,  neat  finish. 

A  simple  trap  a  is  set  on  the  floor      The  drain  board  is 
fluted   with   a   series  of   |-inch   grooves   cut  quite   closely 
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together.  These  grooves  all  run  toward  the  sink,  and  drain 
the  drippings  from  the  newly  washed  dishes  into  it.  The 
window  sill  ts  about  4  inches  higher  than  the  drain  board, 
which  makes  a  good  support  for  the  dishes  to  rest  against 
when  standing  on  edge  to  drain,  as  shown  in  the  figure. 
The  grooves  in  the  drain  board  prevent  the  lower  edges  of 
the  dishes  from  sliding  out,  and  the  strip  across  the  lower 
end  prevents  th^m  from  rolling  into  the  sink.  The  drain 
board  is  shown  supported  at  the  high  end  by  a  bracket  b, 
which  is  quite  proper  if  the  bracket  is  heavy  enough.  This 
shelf  should  be  strong  enough  to  safely  support  a  load  of 
300  pounds,  and  the  joints  should  all  be  made  perfectly 
water-tight  by  being  fitted  close  and  bedded  in  red  or 
white  lead.  The  drain  board  should  be  made  of  well- 
seasoned  ash  about  IJ  inches  thick.  The  lower  end  should 
be  bedded  on  the  sink  rim  with  red  lead,  and  securely  held 
down  to  the  iron  with  not  less  than  four  1^-incb  brass 
screws,  which  are  screwed  up  into  the  board  from  the 
under  side  of  the  sink  rim. 

18.  Cast-iron  Enameled  Sinks. — A  cast-iron,  roll- 
rlm,  enameled  kitchen  sink  of  a  simple,  substantial,  and 
sanitary  design  is  shown  in  Fig.  VI  {a).  It  is  furnished  with 
a  back  12  or  15  inches  high,  which  has  a  quarter-round  edge, 
as  shown  in  Fig.  12  {b).  The  roll  rim  of  the  sink  is  half 
round,  as  shown  in  Fig.  12  (c).  The  back  plate  rests  on  the 
sink  with  a  lap  joint,  made  either  as  shown  in  Fig.  12  (d) 
or  (e).  The  under  side  of  the  sink  has  two  circular  sockets 
about  \  inch  deep,  into  which  the  upper  ends  of  the  legs  fit, 
as  shown  in  Fig.  13  (/).  To  prevent  the  feet  shifting  on 
the  floor,  each  has  a  prong  at  the  bottom  of  the  ball,  which 
is  let  into  the  floor  about  ^  inch,  as  shown  in  Fig.  12  {g). 
If  the  back  flange  of  the  sink  is  flat,  it  may  be  supported  on 
wooden  cleats,  or  better  still,  on  angle  irons,  and  fastened  by 
screws  or  bolts.  A  simple  attachment  for  supporting  the 
bark  is  shown  in  Fig.  12  (//).  The  back  flange  has  a  vertical 
flange  that  can  be  fastened  to  the  wall.  If  the  space  at  the 
back  of  the  splash  plate  a  is  tilled  with  plaster  of  Paris,  and 
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the  screws  b,  b,  b,  b  are  properly  screwed  up,  so  that  the 
plate  a  cannot  shift,  this  sink  will  be  vermin-proof  and 
thoroughly  sanitary  in  every  respect. 


19.  The  dimensions  of  the  ordinary  sizes  of  cast-iron 
sinks  are  given  in  Table  I,  where  the  length  and  width  are 
outside  measurements,  while  the  depth  is  measured  inside. 
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TABIiE    I 

CABT-IHOK  KITCHEN  SINKS 


Length 

Width 

Depth 

Length 

Width 

Depth 

Inches 

Inches 

Inches 

Inches 

Inches 

Ir.ches 

I6J 

"i 

S 

30 

20 

6 

i8 

13 

6 

32+ 

18 

6 

i6 

i6 

6 

32i 

31 

6 

aa 

•4 

6 

36 

18 

6 

«3 

*5 

6 

36 

211 

6 

«si 

15* 

6 

38 

20 

6 

30 

I2i 

6 

42 

2Z 

6 

30 

14 

6 

48 

ao 

6 

24 

'4 

6 

48 

23 

6 

Ml 

i6 

6 

34 

14 

8 

24 

i8 

6 

30 

24 

8 

'Si 

>7i 

6 

SO 

24 

H 

"7 

>5 

6 

50 

e6 

H 

24 

20 

6 

62 

aa 

8 

28 

17 

6 

76 

aa 

7 

2S 

20 

6 

56 

32 

9 

so 

i6 

6 

tio 

aS 

to 

SO 

i8 

6 

78 

28 

10 

20.  Solid-Porcelain  Sloks.— Fig.  13  shows  a  Bolld- 
porcelaln  roll-rim  sink  with  two  drain  boards  a  and  d 
fitted  up  complete  in  a  corner.  It  has  a  roll  rim  in  front 
and  at  the  ends.  The  back,  through  which  the  faucets 
protrude,  is  also  made  of  solid  porcelain,  and  is  bedded  down 
with  white-lead  putty  on  the  flat  rim  of  the  sink.  The 
back  is  set  against  the  wall  in.  plaster  of  Paris,  and  is  held 
in  place  by  the  flanges  of  the  sink  faucets.  The  sink  is 
supported  by  a  wrought-iron  frame,  the  back  of  which  is 
fastened  by  screws  or  bolts  to  the  wall,  and  whose  front  is 
supported  upon  the  legs,  which  are  offset  to  give  ample  room 
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for  the  feet  of  the  user.  The  base  of  each  leg  has  a  ^-inch  pin 
projecting  about  J  inch ;  this  is  let  into  the  floor  to  prevent 
the  leg  from  shifting.  Instead  of  iron  or  brass  legs  solid- 
porcelain  legs  can  be  used.     They  are  easier  to  clean  and  in 


this  respect  are  desirable.  Porcelain  sinks  are  2  inches  thick, 
glazed  both  inside  and  outside,  and  made  in  one  piece, 
which  dispenses  with  the  joints  so  objectionable  in  soap- 
stone  or  slate  sinks. 

21.  The  drain  boards  shown  in  Fig.  13  are  especially 
devised  for  roll-rim  sinks  and  fulfil  all  practical  and  sanitary 
requirements.  One  end  of  each  is  supported  by  the  sink, 
and  the  other  by  brass  brackets;  otherwise  they  are  entirely 
free  from  the  wall.  The  corner  drain  board  a  swings 
upwards  on  the  hinges  at  the  right.  The  end  drain  board  b 
swings  on  hinges  at  the  back;  the  supporting  leg  or 
bracket  c  is  telescopic  and  lengthens  as  the  board  is  raised. 
Automatic  catches  should  be  attached  to  the  wall  to  hold  up 
the  boards  when  they  are  raised.  The  boards  can  be  swung 
up  out  of  the  way  to  allow  cleaning  around  the  sink  or 
walls.  The  boards  are  made  of  selected  ash,  the  pieces 
being  longued  and  grooved  together.     Brass  rods  are  run 
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through  them  to  insure  non-warping.  The  rim  along  the 
three  edges  of  the  board  prevents  dishes  from  falling  off 
and  water  dripping  to  the  floor.  The  part  of  each  board 
coming  in  contact  with  the  roll  rim  is  supplied  with  a  row 
of  rubber  fenders  to  prevent  the  roll  rim  from  being  dam- 
aged by  the  boards  falling.  Where  the  board  drains  into 
the  sink  an  additional  projecting  nickel-plated  nosing  is 
afhxed. 

83.  The  sink  arrangement  shown  in  Fig.  13  is  thor-  - 
oughly  sanitary,  particularly  so  when  the  walls  and  floor  are 
made  impe^vious  by  using  tiles,  as  shown,  or  some  other 
non-absorbent  material.  Sinks  of  this  kind,  especially 
those  with  porcelain  legs,  are  recommended  for  the  finest 
class  of  work. 

33.  Fig.  14  shows  a  recessed  standing  waste  sink  that 
is  intended  to  be  used  without  a  back  plate.  The  recess  a, 
which  contains  a  standing;  waste  i,  is  set  against  the  back 
wall.  The  hot  and  cold  supply  pipes  may  come  up  one  on 
each  side  of  the  recess.     This  and  all  other  earthernware 


and  porcelain  sinks  should  be  set  solidly  on  an  iron  frame, 

and  supported  in  front  by  metal  or  porcelain  legs.  All 
experts  agree  that  sinks  intended  to  be  filled  with  water 
should  be  litled  with  a  standing  waste,  which  positively 
prevents  overflowing. 
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34.     The  common  sizes  of  porcelain  sinks  are  given  in 
Table  II. 

TABIjE    II 

DIUENSIONS  OF  PORCELAIN  SINKS 


Length 

Width 

Depth 

Inches 

Inches 

Inches 

28 

18 

9 

30 

20 

9 

36 

'3 

7 

4> 

24 

7 

48 

24 

7 

85.  Slate  Sinks. — Some  sinks  in  the  market  are  com- 
posed  of  slate  slabe  or  slabs  of  other  materials  joined 
together;  such  sinks  are  undesirable  because  grease  and 
filth  collect  in  the  sharp  corners,  whence  it  cannot  be 
cleaned  out.  This  matter  decomposes  and  emits  offensive 
odors.  Besides,  slate  is  more  or  less  porous,  and  its  pores 
become  clogged  with  filth. 

26.  Soapstone  and  Cement  Sinks. — Sinks  made  from 
soapstone  and  cement  are  porous  and  hence  should  be 
avoided,  even  though  they  have  rounded  inside  corners. 
These  sinks  are  simply  put  on  the  market  as  a  cheap  substi- 
tute for  glazed  earthenware,  porcelain,  or  other  vitreous 
goods. 

37.  Elarthenware  Sinks. — A  special  clay  is  used  in  the 
manufacture  of  earthenware  sinks,  which  are  molded  to 
the  required  form.  The  clay  may  be  burned  to  vitrifaction, 
and  thus  made  impervious  throughout  its  thickness;  or  it 
may  be  burned  porous  like  ordinary  firebrick,  and  either 
saU  glazed  or  enameled  on  the  surface.  A  cheap  quality 
is  known  to  the  trade  as  brown  ulazeA  earthenware, 
which  makes  a  good,  plain,  durable  sink,  but  owing  to  its 
color,  filth  cannot  easily  be  seen  on  its  surface.     A  better 
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earthenware  sink  is  that  which  is  enameled  in  white  on  the 
inside  and  glazed  brown  outside;  but  the  best  grade  of  the 
earthenware  class  is  enameled  white  all  over  and  appears 
like  a  sol  id -porcelain  sink.  Earthenware  sinks,  like  por- 
celain sinks,  can  be  had  with  plain  or  roll  rims,  and  in 
different  styles. 

BUTLER'S  PANTRT  8IKKS 

28.  Ckipper  Pantr}'  BIdIes. — Sinks  intended  for  butler's 
pantries  are  made  of  various  shapes  and  materials.  The 
most  common  are  made  of  sheet  copper  tinned  on  the 
inside.  They  are  either  struck  up  from  one  piece  of  sheet 
copper  or  are  built  of  two  or  more  pieces. 

An  oval  copper  pantry  sink  a,  composed  of  one  piece 
of  sheet  copper,  is  shown  in  Fig.  15.     It  is  oval  in  plan  and 


semioval  in  section.  It  is  supported  by  a  flange  *,  which  is 
nailed  down  to  the  board  or  frame  c  before  the  hard-wood 
top  {f  is  bedded  down  and  secured  in  position.  This  form 
of  pantry  sink  is  always  provided  with  an  overflow  horn,  as 
shown  at  e,  and  a  pliig-and-socket  waste  connection  in  the 
center  of  the  bottom,  as  at  /. 

29.     A  flat-bottomed  copper  panti?'  sink  is  built  from 

flat  pieces  of  tinned  sheet  copper.  Its  seams  are  locked  and 
sweated  with  soft  solder.  The  bottom  is  flat,  and  the  sides 
are  usually  slightly  rounded  at  the  corners.  It  is  also  fur- 
nished with  a  flange  a.  Fig.  16,  around  the  top,  and  nailed 
to  a  wooden  frame  I),  in  order  to  stiflfen  the  sides  and  preserve 


D.qit.zeaOvGoOt^lc 


§  19     WASHING  AND  DRINKING  FIXTURES 


the  shape  and  position  of  the  sink.     The  hard-wood  top  c  is 
bedded  on  the  frame  b  with  red-  or  white-lead  putty  and 


secured  with  brass  screws.  The  bottom  of  this  sink  should 
be  supported  by  a  shelf  d,  which  Is  scooped  out  in  the  center, 
as  shown,  so  that  the  bottom  may  be  perfectly  drained, 

30.  Either  galvanized-iron  or  lead  pipe  is  generally 
used  for  the  hot-  and  cold-water  supply  connections  to 
copper  pantry  sinks,  while  the  waste  pipe,  vent  pipe,  and 
trap  are  usually  made  of  lead.  Waste  and  overflow  horns 
made  of  copper  should  be  connected  to  their  respective 
pipes  by  means  of  soldered  joints;  there  is  no  objection, 
however,  to  the  use  of  cup  joints.  On  the  best  class  of 
work,  the  waste  horn  is  wiped  to  the  trap.  The  pipe  from 
the  overflow  horn,  which  is  usually  \\  inches,  should  join 
the  trap  on  the  house  or  sink  side  of  the  water  seal. 

31.  The  usual  dimensions  of  copper  pantry  sinks  are 
given  in  Table  III. 

3S.   Glazed  Bartben^vare  and  Porcelain  Pantr}'  Sinks. 

Sinks  for  pantries  made  of  glazed  earthenware  and  also 
of  porcelain  can  be  obtained.  They  are  made  in  various 
styles  to  suit  different  tastes  and  requirements.  Fig.  17 
shows  a  popular  and  thoroughly  sanitary  arrangement. 
The  sink  is  made  with  a  recess  a  in  the  back,  which  al^ords 
room  for  a  standing  overflow  b.  This  overflow  tube  is 
removable  from  the  socket,  and  serves  as  a  plug  that  can  be 


D.qit.zeaOvGoOt^lc 


18        WASHING  AND  DRINKING  FIXTURES     §  Ifl 

pulled  up  to  let  out  the  water.  The  waste  connection  is 
made  tight  with  a  locknut  and  washer  under  the  sink.  The 
trap  is  joined  to  the  waste  connection  with  a  ring  coupling. 


no.  17 
Earthenware  and  porcelain  sinks  are  usually  fitted  with  a 
marble  slab  c  and  marble  splash  or  wall  plates  li,  tl.  A  dish 
drainer  c,  made  of  wooden  slats,  or  rubber,  is  used  to  pro- 
tect crystal  or  china  dishes  from  contact  with  the  slab,  and 
thus  prevent  their  being  broken. 

TABLE   III 

DIMENSIONS  or  COPPER  PANTBY  SINKS 


Length 

Width 

Depth 

Inches 

Inches 

Inches 

iS 

5  to  6 

12 

20 

5  to  6 

i6 

5  to  6 

20 

5  to  6 

24 

5  to  6 

^4 

5  to  6 

30 

5  to  6 

IS 

3° 

5  to  6 
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33.  Pig.  18  shows  an  excellent  pantry  sink  of  the  most 
approved  class.  The  sink  is  made  of  solid  porcelain  2  inches 
thick,  and  is  recessed 
at  the  right-hand  end 
for  a  standing  waste 
pliig-and-socket  at- 
tachment that  allows 
the  sink  to  be  filled 
with  water  when  de- 
sired. The  sink  is 
supported  by  a  3-inch 
pipe  post  a  placed  di- 
rectly under  its  cen- 
""'  '*  ter   of   gravity.     An 

iron  shelf  or  crowfoot  support  x,  Fig.  19,  is  screwed  to  the 
top  of  the  post  to  form  a  solid  bed  for  the  sink ;  the  base  of 
the  post  has  a  floor  flange  b.  Fig.  18,  which  can  be  bolted 
to  the  floor.  The  hot-  and  cold-water  pipes  come  up  at 
the  back  of  the  sink.  The  top,  or  sink  slab,  c  is  Italian 
marble  and  countersunk.  The  countersinking  is  so  arranged 
as  to  drain  water  back  into  the  sink.  The  slab  has  ogee 
curved  edges  in  front  and  at  the  ends,  and  should  be 
IJ  inches  or  IJ  inches  thick.  It  is  supported  at  each  end 
by  a  nickel-plated  brass  bracket  or  apron  holder  d.  Figs.  18 
and  20,  fastened  to  the  wall,  and  two  nickel-plated  brass 
legs  e,  e,  Fig.  18,  in  front.  Marble  aprons  /,  /,  7  inches 
deep,  and  between  the  points  of  support,  J  to  1  inch  thick, 
reenforce  the  marble  slab  and  give  the  sink  a  solid,  neat 
appearance.  The  aprons  are  held  in  position,  at  the  cor- 
ners, by  the  legs,  the  tops  of  which  are  recessed  to  receive 
them,  as  shown  at  A  in  Fig,  21.  The  dowels  i,  Fig.  20, 
and  J,  Fig.  21,  are  let  into  the  slab.  The  dowel  /  pre- 
vents the  slab  from  working  away  from  the  wall,  and 
J  prevents  the  leg  from  falling  forwards.  The  slab  is 
usually  bedded  on  the  sink  with  plaster  of  Paris.  Some 
plumbers,- however,  seem  to  think  that  a  more  waterproof 
job  is  accomplished  by  first  painting  the  under  side  of  the 
slab,   just   over   the  sink,  with   shellac  varnish,   and   then 
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bedding  the  slab  on  the  sink  with  a  cement  composed  of 
shellac  and  powdered  white  lead.  The  back,  or  splasK 
plate,  g  is  18  inches  high  and  from  J  to  1  inch  thick.  All 
the   marble   should   be   polished   and    made  impervious  to 


water  on  its  exposed  surface.  The  back  may  be  secured 
to  the  wall  with  plaster  of  Paris,  but  if  there  is  danger  of 
vibration,  it  should  be  additionally  secured  with  three  or 
four  nickel-plated,  round-headed  screws  and  washers. 

To  prevent  splashtngs  of  water  from  saturating  the  sur- 
roundings of  the  sink,  it  is  advisable  to  tile  the  walls  and 
floors  as  shown,  so  that 
they  may  be  non-absorb- 
ent and  easily  cleaned. 

34.  To  lessen  the  risk 
of  glass  and  chinaware 
being  broken  while  being 
handled  on  porcelain, 
marble,  or  other  hard- 
substance  sinks,  it  is 
advisable    to    provide   a  '''*'■  ** 

wooden  or  rubber  sink  mat,  which  may  be  laid  on  the 
bottom  of  the  sink  or  placed  on  the  top. 
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Fig.  22  shows  a  good  wooden  mat  very  suitable  for  a 
kitchen  or  pantry  sink.  It  is  made  of  hard-wood  slats  held 
together  by  brass  rods  and  will  effectually  prevent  the 
scratching  and  discoloring  of  the  sink  when  pots,  etc.  are 
handled  thereon.  These  mats  are  somewhat  flexible  and 
therefore  not  very  liable  to  chip  the  sinks  should  they  slip 
and  fall  in. 

35.  The  common  sizes  of  earthenware  pantry  sinks  are 
given  in  the  following  table: 

TABLE   rV 

DIMENSIONS  OF  EABTHBNWARB  SINES 


Length 

Width 

Depth 

Inches 

Inches 

Inches 

20 

14 

4t 

33 

16 

5t 

»5 

17 

5i 

SLOP   SINKS 

36.    Purpose. — A  special  form  of  sink  is  used  for  the 
purpose  of  receiving  slops,  chiefly  from  bedrooms,  and  is 
called  a  slop  sink.     It  differs  from  a  kitchen  sink  chiefly 
I  dimensions,  being  shorter  and 
narrower,  but  deeper.    A  slop  sink 
1  usually  set  so  that  its   rim  is 
about  20  inches  above  the  floor. 

37.   Cast-Iron  Slop  Sinks. — In 

Fig.  23  is  shown  a  form  of  slop 
sink  known  to  the  trade  as  a  slop 
hopper  sink.     The  sink  bowl  a 
P'o-^  is  provided  with  a  strainer  i  that 

can  be  removed  to  clean  the  trap  c  below.     It  is  supported 


IZTJ 
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directly  upon  c.  which  is  a  4-inch  trap.  The  outlet  end  d 
of  the  trap  is  flanged  so  that  it  may  be  attached  to  a  lead 
waste  pipe.  The  trap  may  be  had  without  this  flange;  it  is 
then  calked  into  the  socket  of  an  iron  pipe.  A  2-inch  back- 
vent  connection  e  is  made  to  the  trap.  This  fixture,  which 
is  cast  iron,  is  shown  with  a  plain  rim,  but  can  be  obtained 
with  a  roll  rim. 

38.    Pig  34  shows  a  modern  enameled-lron  jroll-rlm 
slop  sink  a  supported  by  a  flange  bolted  to  the  trap  b.    The 


sink  is  set  a  few  inches  clear  of  the  back  wall,  and  the  hot- 
and  cold-water  supply  pipes  come  up  at  the  back  of  the  sunk 
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The  faucets  are  attached  at  a  height  of  about  lOor  12  inches 
above  the  roll  rim. 


39.     The   usual   dimensions  of   cast-ire 
[iven  in  the  following  table : 


TABLE  V 

DIHBNSIONS  OF  CAST-IRON  SLOP  SINKS 


Length 

Breadth 

Depth 

Inches 

Inches 

Inches 

i6 

16 

20 

14 

30 

16 

34 

30 

30 

30 

36 

18 

36 

21 

23 

'5 

36 

21 

48 

30 

48 

20 

60 

20 

40.  Porcelain  Slop  Sinks. — Fig.  25  shows  a  solid  roll- 
rlm  porcelain  slop  sink  with  a  nickel-plated  hinged  brass 
guard  a  over  the  front  rim;  this  guard  protects  the  rim 
against  rough  usage  from  pails,  etc.  This  sink  is  cleaned 
only  by  water  from  the  faucets  and  hand  labor. 


41.  Slop  sinks  that  receive  chamber  slops  and  sewage 
matter  are  usually  provided  with  flushing  rims  and  flush 
tanks,  and  are  cleansed  in  a  manner  similar  to  water 
closets.  They  are  constructed  with  large  traps,  and  are 
connected  to  the  drain  pipes  in  a  manner  similar  to  the 
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connections  of  water  closets.     Slop  sinks  are  often  supplied 
with  hot-  and  cold-water  faucets  similar  to  those  used  for 


sinks,  and  thus  do  service  as  housemaids*  or  chamber- 
maids' sinks.  They  should  be  set  in  a  well-lighted  and 
well-ventilated  closet,  or  other  small  apartment,  convenient 
to  the  bedrooms. 

43,  A  porcelain  flushlng-rim  slop  sink  of  highly 
approved  make  is  shown  in  Fig.  20.  This  fixture  is  well 
adapted  for  use  in  hotels,  dwellings,  etc.  It  is  a  solid- 
porcelain  sink  having  a  bronzed  cast-iron  trap  serving  as  a 
standard;  a  cherry,  ash,  or  oak  copper-lined  flushing  tank  fi 
overhead;  a  nickel-plated  brass  flush  pipe  i;  nickel-plated 
brackets  under  tank;  a  nickel-plated  guide  rodt ;  a  porcelain 
pull  (/;  a  nickel-plated  combination  faucet  c;  and  hot  and 
cold  supply  pipes  /  and  ^.     A  slight  touch  of  the  pull  d 
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causes  water  to  fall  from  the  tank  and  cleanse  the  inner  sur- 
face of  the  sink.     The  roll  rim  h  of  the  sink  is  hollow  and 
forms  a  flushing  rim   that  distributes  the  water  from  the 
tank  all  over  the  inner  surface  of  the  sink  and  gives  it  a 
good  flushing  effect. 
The  flushing   rim  is 
molded  in  one  piece 
with  the  sink. 

If  a  flushing-rim 
slop  sink  is  to  be  sub-  • 
jected  to  very  rough 
treatment,  it  is  ad- 
visable to  mount  it 
with  a  special  nickel- 
plated  brass  rim  that 
will  also  act  as  a 
flushing  rim.  The 
trap  being  set  on  a 
broad  base,  and 
strongly  secured  to 
the  sink  by  the 
strainer,  forms  the 
only  support  for 
the  sink.  It  is  back 
vented  with  a  3-inch 
pipe. 

43.  Good  flushing- 
rim  slop  sinks  may 
be  fitted  with  faucets 
like  a  kitchen  sink 
and  flushed  through 
them  instead  of 
through  a  flushing 
•"°-  ■"  tank,   but  the   flush- 

ing-tank arrangement,  shown  in  Fig.  ao,  is  recommended 
for  high-class  work.  The  most  popular  size  of  the  style  of 
sink  shown  in  Fig.  26  is  about  20  inches  long  by  20  inches 
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wide  and  11  inches  deep,  but  other  sizes  are  on  the  market, 
as  shown  in  the  following  table: 


TABLE   VI 

DIMENSIONS  OF  PORCELAIN  SLOP  SINKS 


Length 
laches 

Width 
Inches 

Depth 
Inches 

24 

iti 
18 

13 

44. 


WASH  SINKS 

Ijojxg  Troughs. — A  class  of  sink  that  is  specially 


adapted  for  use  in  mills,  factories,  and  other  places  where  a 
large  number  of  people  are  liable  to  use  it  at  the  same  time 
is  known  from  its  form  as  a  loitir-trousb  Trash  stole.  As 
implied  by  the  name,  it  is  simply  a  long  trough  supplied 
with  cold  water  and  occasionally  with  hot  water,  from  a 
number  of  faucets.  Such  a  sink  should  be  enameled  inside 
and  have  a  roll  rim. 


45.  Fig.  37  shows  a  form  of  wash  sink  that  is  used  in 
many  industrial  establishments.  It  is  composed  of  a  num- 
ber of  sections  a',  a,  a,  with  flanged  ends  that  are  bolted 
together,  red -lead  putty  being  used  between  the  faces  of  the 
flanges  to  make  the  joints  water-tight.  The  water  pipe  b 
runs  between  the  troughs  and  supplies  them  through  faucets 
placed  about  3  feet  6  inches  apart.  The  space  between  the 
troughs  is  from  3  to  3  inches  wide,  and  is  closed  on  top  by 
an  enameled  cast-iron  cap  c.  The  trough  is  supported  on 
cast-iron  standards  d  that  are  screwed  to  the  floor.  The 
sections  a',  a'  are  the  middle  sections  of  the  double  trough. 
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and  each  middle  section  is  furnished  with  a  waste  connec- 
tion e,  e  having  a  strainer.  Sometimes  a  plug-and -socket 
waste  outlet  is  used.  The  bottom  of  the  trough  has  a  pitch 
from  the  ends  to  the  outlet. 

Any  length  of  trough  can  be  obtained  by  inserting  sec- 
tions, but  in  ordering  these  wash  sinks  the  exact  length 
should  be  given,  so  that  the  manufacturer  can  ship  sections 
of  the  proper  depth  and  pitch. 

46.  The  capacity  of  wash  sinks  is  proportioned  to  the 
number  of  people  who  will  use  them  at  the  same  time.  To 
avoid  excessive  loss  of  time  by  people  awaiting  their  turn,  it 
is  considered  good  practice  to  allow  30  inches  of  length  of 
trough  and  one  faucet  for  every  six  or  eight  people  who  are 
supposed  to  use  them. 

47.  The  sinks  shown  in  Fig.  27  stand  back  to.  back  and 
are  set  in  the  middle  of  the  wash-room  floor.  If  it  is  desired 
to  arrange  them  against  the  wall,  a  cast-iron  enameled  back 
plate  is  placed  at  the  back  of  each  section,  and  the  faucets 
are  attached  to  pipes  coming  through  the  back  plate. 

The  width  of  wash  sinks  is  generally  18  inches;  the  depth 
of  the  middle  section  is  8  inches;  the  depth  of  the  end  sec-  " 
tion  is  5  inches.  The  greatest  length  that  can  be  obtained 
without  necessitating  a  change  of  the  manufacturers'  pat- 
terns is  about  65  feet. 


LAUNDRY   TUBS 


WOODEN  LAUNDBY  TUBS 

48.  Construction. —  The  tubs  used  in  laundries  for 
washing  clothes,  etc.  are  known  as  wBsh  tubs,  laundry 
tabs,  or  trays  in  different  localities.  The  cheapest  varieties 
are  made  of  wood,  the  ends  and  partitions  being  rabbeted  Into 
the  sides  and  bottom.     The  joints  should  be  well  painted 

83--31 
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with  white  lead,  and  should  be  drawn  tight  by  means  of  iron 
bolts.  Repeated  drying  and  wetting  soon  spoils  the  joints 
and  rots  the  wood.  When  they  become  leaky  past  repair- 
ing, they  may  be  lined  with  tinned  copper,  galvanized  iron. 


49.  Disadvantages. — Wooden  tubs  are  very  unsanitary. 
They  are  out  of  date  and  should  never  be  installed  for  laun- 
dry purposes,  chiefly  because  of  their  tendency  to  absorb 
organic  matter,  which  decomposes  in  the  pores  of  the  wood, 
and  emits  disagreeable,  if  not  dangerous,  odors.  It  is 
advisable  to  replace  them,  where  possible,  with  sanitary 
flxt4ires. 


CAST-IRON  I^UNDBT  TUBS 

60.  Cast-iron  tubs,  either  galvanized  or  porcelain 
enameled,  are  cleanly,  durable,  and  genetally  satisfactory. 
The  corners  are  all  rounded,  and  no  crevices  exist  in  which 
dirt  may  accumulate  or  which  will  harbor  vermin.  The 
only  drawback  to  enameled  tubs  is  that  the  enamel  will 
eventually  crack  and  chip  off.  When  the  enamel  is 
chipped  off  and  the  iron  body  is  consequently  exposed, 
the  rust  formed  by  the  iron  may  discolor  the  water  and 
spoil  it  for  washing  purposes.  They  are  therefore  not  to 
be  recommended  for  flrst-class  work. 


CEMENT  LAUNDRY  TUBS 

51.  Tubs  made  of  cement  are  often  used  on  the  cheap- 
est work,  and  have  been  found  to  serve  the  purpose  well 
when  made  from  the  best  Portland  cement,  but  they  are 
porous  and  consequently  have  the  disadvantages  of  the  old 
wooden  tub.  The  common  dimensions  of  cement  tubs  are 
given  in  Table  VII. 
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TABLE  VH 

DIMENSIONS  OF  CBMENT  TUBS 


Number 

Length 

Width 

Depth 

of  Parts 

Inches 

Inches 

Inches 

48 

16 

.        48 

16 

53 

16 

60 

16 

T 

16 

72 

16 

80 

16 

90 

16 

PORCELAIN  AND  BABTHENWARE  LAUNDRY  TUBS 

5S.  Advanta^ces. — Tubs  made  of  porcelain  or  brown 
glazed  earthenware  are  very  heavy  and  require  a  substan- 
tial iron  frame  to  support  them,  -  They  are  very  durable 
and  are  easily  kept  clean.  The  corners  are  all  rounded  off 
to  prevent  accumulations  of  dirt.  If  finished  flat  on  top, 
they  are  usually  supplied  with  wood  rims  of  ash  to  protect 
their  edges.  The  rims  should  be  set  in  red-lead  putty 
before  being  bolted  down  tight.  Porcelain  tubs  of  the  finest 
grades  are  usually  finished  on  top  with  a  roll  rim;  no  wood 
rim  is  then  required. 

53.  Pi>sition8  of  Faucets. — Laundry  tubs  are  some- 
times fitted  with  wooden  covers  that  are  hinged  at  the 
back.  When  these  are  used,  the  faucets  must  be  placed 
within  the  tubs,  the  connections  being  made  through  holes 
in  the  back.  This  arrangement  is  objectionable,  because 
the  faucets  occupy  too  much  of  the  interior  space  of  the 
tubs.  The  fabrics  will  catch  and  tear  on  the  nozzles  of  the 
faucets,  and  the  laundress  is  Hkely  to  bruise  her  hands  on 
them. 
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54.  Installa- 
tion.— Tubs  vary 
in  length  from  24 
to  30  inches,  and 
in  depth  from  14 
to  16  inches.  They 
are  usually  32  to 
24  inches  wide  at 
the  top,  and  taper 
downward  on  the 
front  side  to 
15  inches  or  more 
at  the  bottom  . 
They  are  generally 
set  up  in  groups  of 
three.  The  rim  of 
the  tubs  should  be 
set  about  32  inches 
above  the  floor. 
Each  tub  should 
be  fitted  with  an 
outlet  plug  and 
strainer,  but  an 
overflow  connec- 
tion is  not  strictly 
necessary.  In  fact, 
the  best  tubs  on 
the  market  are  not 
fitted  with  over- 
flows. It  is  neces- 
sary only  to  have 
overflows  on  tubs 
that  are  set  over 
rooms  —  such,  for 
example,  as  on  the 
several  floors  of 
apartment  houses 
or  flats.     Two  or 
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three  wash  tubs  may  all  be  connected  to  one  waste  pipe. 
One  3-inch  trap  is  sufficient  for  three  tubs.  Each  tub 
should  have  its  own  hot-  and  cold-water  faucets.  The 
faucets  should,  if  practicable,  be  placed  above  the  tubs. 
In  fitting  up  a  set  of  tubs,  provision  should  be  made  for 
attaching  a  clothes-wringer  to  the  right-hand  end  of  the 
right-hand  tub,  with  a  space  of  at  least  3  feet  between  this 
tub  and  any  wall  to  the  right  for  a  clothes  basket, 

55.  In  Fig.  28  is  shown  a  set  of  two  porcelain  or  glazed 
earthenware  wash  tubs  a,  a.  They  are  set  uport  two  cast- 
iron  stands.  An  ash  frame  c  is  bolted  to  a  hardwood 
strip  d  by  long  bolts  f,  e.  Branches  are  taken  from  the 
hot  and  cold  lead  water  pipes  /,  /,  to  supply  the  tub 
cocks  g,  g.  The  waste  water  from  the  tubs  passes 
through  a  lead  S  trap  //,  which  is  connected  as  shown. 
The  trap  is  protected  against  siphonage  by  a  IJ-inch  lead 
back  vent  pipe  i.  One  of  the  tubs  has  part  of  its  inner 
surface  corrugated,  as  at  /;  this  is  often  used  as  a 
scrubbing  board. 

66.  A  superior  set  of  modern  laundry  tubs  is  shown  in 
Fig,  29.  It  is  composed  of  three  soHd-porcelain  rolt-rini 
tubs  3  inches  thick  set  on  three  iron  frames,  the  fronts 
of  which  are  supported  by  iron  or  porcelain  legs  and 
the  backs  by  brackets  bolted  to  the  wall.  The  tubs  are 
fitted  with  porcelain  backs  through  which  the  hot-  and  cold- 
water  pipes  pass,  and  are  connected  to  special  tub  cocks, 
as  shown. 

A  well-seasoned,  brass-bound  ash  board  a,  called  a 
w^ringer  base,  is  secured  by  long  bolts  to  the  roll  rims  over 
each  space  between  the  tubs.  A  wringer  base  is  an  excel- 
lent feature,  since  all  tubs  should  have  accommodation 
for  a  clothes  wringer.  The  waste  pipe  3  is  a  IJ-inch  or 
2-inch  brass  pipe,  and  a  3-inch  trap  is  used.  A  special  fea- 
ture in  the  trap  shown  is  its  trap  screw  c,  the  location  of 
which  makes  access  for  cleaning-out  purposes  easy.  A  trap 
screw  is  also  placed  at  the  highest  point  d  (the  right-hand 
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end)  of  the  waste  pipe  to  permit  this  pipe  to  be  cleared  with 
-  rods  when  desired. 


The  arrangement  shown  in  Fig.  29  is  especially  suitable 
for  a  large  laundry,  and  is  a  thoroughly  sanitary  fixture  in 
every  respect. 
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51,  Fig.  30  shows  an  excellent  arrangement  of  laun- 
dry fixtures  for  buildings  without  a  laundry.  The  fix- 
tures used  are  a  porcelain  sink  and  two  laundry  tubs  in 
combination;  the  arrangement  is  therefore  adapted  for 
use  in  kitchens  of  apartment  houses,  etc, ,  because  it 
economizes  space.  The  combination  drain  board  and 
cover  a  and  the  cover  ^  can  be  turned  up  against  the 
wall  when  it  is  desired  to  use  the  tubs.  A  wringer 
can  be  used  between  the  tubs  if  desired,  and  can.  be 
attached  easily  and  quickly  by  tightening  a  thumbscrew. 
In  this  case  the  tub  cocks  are  attached  to  the  back  of 
the   tubs   under   the   covers. 


SOAPSTONE  AND  SLATE  LATTVDRT  TUBS 

58,  Advanta^res  and  IMaad vantages. — Some  tubs  are 
made  of  soapstone  or  slate  slabs,  which  are  joined  by  red- 
lead  cement  and  are  held  together  by  rods  and  iron  frames. 
Inferior  soapstone  will  crack  if  subjected  to  hot  water. 
These  tubs  are  liable  to  permit  grease  and  dirt  to  accumu- 
late in  the  sharp  corners  unless  carefully  cleaned.  This  is 
a  bad  feature,  which,  combined  with  their  liability  to  be 
porous,  makes  them  unsuitable  for  use  in  good  buildings. 
It  is  common  practice,  however,  to  use  them  in  small  build- 
ings where  the  owners  cannot  afford  glazed  earthenware  or 
porcelain  tubs. 

59.  Installation. — Fig.  31  shows  a  set  of  two  soapstone 
or  slate  tubs  fitted  up  complete  in  the  cellar  of  an  ordinary 
small  six-  or  eight-room  dwelling.  Two  tubs  are  usually 
enough  for  such  a  house.  For  this  class  of  buildings  they 
must  usually  be  cheap,  and  the  tubs  shown  are  therefore 
adapted  to  the  work.  Each  tub  is  provided  with  a  pUig- 
chain-and-socket  attachment  for  the  waste  outlet  in  the  bot- 
tom. The  tubs  are  supported  on  three  cast-iron  stands,  one 
at  each  end  and  one  in  the  middle.     As  these  tubs  are  liable 
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to  crack,  they  should  carry  a  guarantee  for  at  least  a  year. 


The   pipes  and  connections  show  how  such   tubf   may  be 
fitted  up  to  the  best  advantage. 

60.     The  usual  dimensions  of  slate  tubs  are  given  in  the 
following  table: 

TABLE  nil 

DIMENSIONS  OP  SLATE   TUBS 


Length 

widtti 

Depth 

of  Parts 

Inches 

Inches 

Inches 

I 

24 

24 

16 

3 

48 

ZI 

16 

3 

54 

24 

16 

3 

78 

24 

16 
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LAVATORIES 


OVAL  AND  ROnND  WASH  BASINS 

61.     Sizes  and   Materials.  —  Wasli   basins  are   either 

round  or  oval.  The  oval  basin  affords  more  space  for  the 
free  use  of  the  arms  than  a  round  one  of  the  same  capacity, 
and  is,  therefore,  to  be  preferred. 

Basins  are  measured  over  the  outside  of  the  top  flange. 
Round  basins  vary  in  diameter  from  12  to  16  inches.  Oval 
basins  are  usually  made  in  three  sizes,  17  in.  x  14  in.,  19  in. 
X  15  in.,  and  21  in.  x  16  in.  The  term  bowl  is  now  often 
used  instead  of  ba^ln.  Both  terms  refer  only  to  that  part 
of  the  fixture  which  holds  the  water.  The  term  lavatory  is 
commonly  used  to  specify  the  combination  of  the  basin, 
its  slab,  legs,  back,  aprons,  waste,  vent,  and  water-supply 
connections. 

Basins  are  made  of  iron,  galvanized  or  enameled,  and  also 
of  porcelain.  The  porcelain  basins  are  made  in  plain  whit* 
color,  or  they  are  decorated  to  any  degree  of  elegance  that 
.may  be  desired.  Wash  basins  are  constructed  in  many 
ways.  In  the  most  common  variety,  the  bowl  is  separate 
from  the  slab,  or  top  ;  the  splash  plate,  or  back,  is  also 
separate  from  the  slab.  In  other  varieties,  the  bowl,  top, 
and  back  are  made  in  one  piece  of  metal  or  porcelain. 
Wash  basins  are  supported  on  substantial  wall  brackets  or 
on  metal  frames  or  pedestals.  They  should  never  be  cased 
in  with  cabinetwork,  because  such  enclosures  cannot  be 
kept  clean  and  vermin 
will  And  lodgment  in 
the  crevices  of  the 
woodwork.  * 

63.     Kxamples  of 
Wash  Basins. — Bowls 

^'°-'»  are   made   with  and 

without  overflows,  and  the  latter  are  constructed  in  differ- 
ent ways.     In    Fig.   lii  is  shown  a   common  pound   bowl 


D.qit.zeaOvGoOt^lc 


g  19     WASHING  AND  DRINKING  PIXTURES        ^9 

M'ith  overflow  horn  attached.  The  overflow  consists  of 
a  strainer  a  and  a  nozzle,  or  horn,  b  to  which  a  waste  pipe 
is  attached  by  a  cemented  slip  joint,  or  by  a  rubber  cone 
connection.  The  latter  is  preferable,  providing  the  rubber 
is  of  good  quality. 

This  form  of  a  bowl  necessitates  the  use  of  a  separate 
overflow  pipe  to  connect  the  horn  to  the  waste  pipe.  In 
all  such  connections,  the  overflow  connection  must  be 
made  to  the  waste  pipe  between  the  basin  and  the  trap, 
or  to  the  trap  itself  and  under  the  water.  This  is  an 
objectionable  form  of  overflow,  because  it  cannot  readily 
be  cleaned. 

63.  In  Fig.  33  is  shown  a  combined  tra^rl  and  overflow. 

The  overflow  duct  a,  which  is  molded  on  the  hasin,  leads 

into  the  waste   outlet  i 

through  holes   c    in   the 

connection  under   the 

rubber  plug</.     This  also 

is  objectionable,  because 

it    cannot     be    easily 

cleaned. 

The  connection  b  e  - 
tween  the  waste  pipe  and 
the  discharge  outlet  of 
the    basin    is  commonly  ^"'-  *• 

made  by  means  of  a  plug  and  socket  having  a  screw  coup- 
ling, as  shown.  Great  care  must  be  exercised  in  screwing 
up  this  joint,  because  the  bowl  is  very  liable  to  crack  or 
break  at  the  joint.  A  thick  gasket  of  soft  rubber  should 
be  used  between  the  locknut  e  and  the  porcelain. 

64.  In  Fig.  34  is  shown  a  basin  with  a  standing  over- 
floTV  inside  a  recess  a  in  the  porcelain  bowl.  The  standing 
overflow  b  also  forms  a  waste  plug,  and  is  perforated  at  its 
base,  as  shown,  to  form  a  strainer,  which  can  be  easily 
cleaned  by  lifting  out  the  entire  waste  plug  and  overflow 
arrangement.     The  top  of  b  slides  in  a  guide  that  is  secured 
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to  the  marble  top  c  by  a  lockniit  d.     The  standing  waste  is 
suspended  by  a  bayonet  catch,  as  shown  at  e. 
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65.  A  combined  stand  pipe  M'aete  and  overflow  is 

shown  in  Fig.  35.  The  stopper  and  standing  overflow  are 
contained  in  the  stand  pipe  a.  The  surplus  or  overflow 
water  escapes  through  the  holes  at  b.  The  bowl  c  is  made 
plain,  without  even  a  stopper,  and  has  a  strainer  only, 

66.  Bowls  are  also  made  with  flushing  rims,  and  the 
faucets  are  placed  below  the  top,  having  only  the  handles  in 
sight.  The  rim  of  the  bowl  is  thus  freed  from  all  obstruc- 
tions, and  the  hands  of  the  bather  cannot  be  injured  by  the 
nozzles  o£  the  faucets. 

67t  Inventors  and  designers  have  spent  much  time  and 
thought  in  improving  wash  basins.  The  overflow,  it  would 
appear,  has  received  more  consideration  than  the  other  parts. 
This,  no  doubt,  is  due  to  the  fact  that  the  old-time  overflows 
on  becoming  foul  cannot  be  conveniently  cleaned,  and  there- 
fore emit  disagreeable  odors.  From  a  hygienic  standpoint, 
the  changes  incorporated  in  modern  basins  are  excellent. 


68.     Fig.  36  shows  how  an  overflow  a  is  formed  at   the 
back  of  the  basin.     A  strainer  b  lies  over  the  opening  and 
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can  be  lifted  off  at  any  time  by  first  unscrewing  ttie  chain 
stay;  the  overflow  can  then  beconveniently cleaned.  Other 
improvements  over  the  old  forms  of  common  basins  are  the 
placing  of  the  chain  and  plug  as  far  back  and  out  of  the  way 
as  possible,  and  an  extra  thick  bottom,  which  makes  the 
basin  less  liable  to  break. 

The  basin  shown  in  Fig.  36  is  oval,  and  is  made  either 
17  in.  X  11  in.  or  19  in.  X  15  in. ;  this  class  of  basin  is  in 
general  to  be  recommended  for  plain,  substantial  work. 

69.  Fig.  37  shows,  in  section,  a  heavy,  all-porcelain  wash 
basin,  especially  adapted  for  use  in  hospitals,  schools,  etc. 
The  bowl  a,  top  d,  and  aprons  c  are  all  in  one  piece,  while  the 
back  plate  d  is  separate.      Owing  to  the  fact  that  marble 


tops  often  crack  and  break,  and  that  the  joint  between  a 
porcelain  basin  and  a  marble  top  is  weak  and  often  leaks 
water,  all-porcelain  basins  of  this  class  are  to  be  recommended 
for  places  where  they  are  liable  to  receive  rough  usage. 
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70.  Lavatory  Installations. — Fig.  38  shows  an  all- 
porcelain  corner  laTatory,  supported  at  each  end  by  a 
strong  iron  bracket  and  at  the  back  corner  by  an  iron  bar  let 
into  the  wall.    The  hot-  and  cold-water  supply  pipes  and  the 


waste  pipe  pass  through  the  wall  under  the  basin.  The  back 
plates  are  cemented  to  the  wall  with  plaster  of  Paris.  This 
form  of  lavatory  gives  the  bather  ample  elbow  room  and  is 
preferable  to  small  corner  slabs  with  round  basins. 

71*  Fig.  39  shows  a  neat  and  compact  form  of  basin,  or 
open  lavatory,  as  it  is  commonly  called,  composed  of  a 
33"  X  24"  X  li"  Italian  marble  slab  a,  with  a  16-inch  back  b, 
5-inch  aprons  c,  c,  nickel-plated  brass  legs  d,  d,  a  19"  x  15" 
oval  basin  e,  a  hot-  and  cold-water  supply  combination 
shampoo/",  nickel-plated  supply  pipes ^,  g,  a  waste  pipe  //,  and 
nickel-plated  brass  apron  holders  /'. 

The  class  of  lavatory  shown  in  Fig.  39  is  recognized  as  one 
of  the  finest  and  most  sanitary  on  the  market.  In  the 
highest  grade  work  the  slab,  back,  and  aprons  may  be  made 
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of  onyx,  which  has  a  very  rich  appearance,  and  the  pipes, 
trap,  legs,  apron  holders,  and  cocks  may  be  silver  plated  or 


gold  plated,  according  to  the  finish  desired  and  the  amount 

of  money  appropriated  for  the  work  by  the  owner. 

73.     The  arrangement  of  shampoo,  waste  stand  pipe,  and 
hot  and  cold  combination  is  shown  in  detail  in  Fig.  40.    The 
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hot-water  valve  is  shown  at  a,  and  the  cold-water  valve  at  b. 
These  valves  are  of  the  Fuller  pattern  and  are  operated  by 
the  lever  handles  shown  above  the  marble  slab.  Water 
flows  from  either  valve  through  the  mixing  pipe  c  and  then 
through  the  ring  casting  d  before  it  is  ejected  from  the 


nozzle.  This  allows  the  temperature  of  the  discharge  to  be 
controlled  by  mixing  the  hot  and  cold  water  together.  The 
shampoo  attachment  e  is  connected  to  i/ with  a  swivel  or 
ground  joint  in  such  a  manner  that  when  it  is  swung  out  so 
as  to  be  over  the  basin  the  supply  is  opened  to  the  shampoo 
and  simultaneously  closed  to  the  basin.  When  the  shampoo 
OJ— 32 
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is  swung  back  against  the  wall,  as  shown  in  Fig.  33,  the 
supply  is  opened  to  the  basin  and  closed  to  the  shampoo. 
The  style  of  supply  nozzle  shown  is  preferable  to  ordinary 
faucets,  because  it  does  not  project  so  far  into  the  basin. 

73.  When  it  is  desired  to  obtain  a  thoroughly  sanitary 
lavatory  at  as  low  a  cost  as  possible,  a  plain  wall  lavatory 
on  brackets,  as  shown  in  Fig.  41,  may  be  used.  This  com- 
bination has  a  17"  X  14"  oval  bowl;  ;i  30"  X  20"  Italian 
marble  slab  countersunk  on  top  and  molded  on  front  and 


ends;  a  back  13  inches  high;  common  nickel-plated  star  or 
cross-handle  compression  bibbs;  a  l^-inch  nickel-plated  brass 
trap  with  a  slip  joint  between  trap  and  bowl;. and  nickel- 
plated  brass  brackets  of  the  pipe  form  shown,  or  cast-iron 
brackets  of  an  ornamental  form.  Aprons  are  not  used  in 
cheap  lavatories. 
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74,  In  securing  the  brackets  for  basins  and  sinks,  care 
must  be  taken  to  see  that  solid  wood  backing  is  placed  in 
the  walls  at  the  proper  points,  to  which  the  brackets  maybe 
rigidly  secured.  If  tills  is  not  attended  to,  the  fixture  will 
not  be  rigid  and  stable.  If  brackets  are  to  be  attached  to 
a  partition  composed  of  the  ordinary  3"  X  4"  studding, 
lathed  and  plastered,  or  wainscoted,  special  2"  X  4"  blocks 
should  be  spiked  between 
the  studs.  If  the  walls 
are  of  brick  or  stone,  the 
brackets  can  be  secured 
with  expansion  bolts. 

75.  The  basin  cocks 
should  be  attached  as 
shown  in  Fig.  42,  a  lead 
washer  a  being  used  be- 
tween the  marble  slab 
and  the  nut  d.  The  chain 
stay  should  be  fastened  in 
the    same    manner.      The 


cocks   and   chain   stay  should   be   set  in  plaster  of   Paris. 

76.  Bowls  are  attached  to  marble  or  slate  top  slabs  by 
means  of  basin  clamps  a.  Fig.  43,  three  clamps  being  used 
for  a  round  bowl  and  four  for 
an  oval  bowl.  The  bolts  are 
attached  to  the  slab  by  means 
of  lead  calking.  The  rim  of 
the  bowl  is  bedded  against 
the  slab  with  plaster  of  Paris, 
as  at  *,  to  make  a  water- 
tight joint. 

The   proper    height   of   the 
top  of  the  slab  from  the  floor 
varies  from  30  to  31|  inches, 
the  former  generally  being  satisfactory. 

The  slab,  or   top,   should  have  a  raised  rim  around  its 
entire  perimeter,  as  at  £,  so  that  splashes  of  water  will  drain 
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back  into  the  bowl.  The  holes  for  basin  cocks  and  other 
attachments  should  also  be  surrounded  by  raised  rims,  for 
the  same  purpose.  The  holes  for  ordinary  basin  cocks 
should  be  made  square  to  receive  the  square  shank  of  the 

cock   and    thus   prevent   it   from 

turning. 

77.  A  cheap  waste  connection 
can  be  made  by  means  of  a  short 
rubber  sleeve  a.  Fig,  44,  which  is 
tied  or  wired  to  both  basin  and 
pipe.  This  allows  the  fixtures  to 
^"''  **  settle  and  shift  without  danger  of 

rupture,  but,  nevertheless,  this   method   of   making  basin 

connections  is  not  recommended  for  good  work;  the  rubber 

soon  decays,  becomes 

brittle,  and  breaks 

away.     The   seat,   or 

socket,    b   to    receive 

the  plug,  when  molded 

in  the    porcelain,  is 

always   more   or   less 

imperfect;     co  n  se- 

quently,  a  soft-rubber 

plug  is  used.     The 

space    between    the 

splash    plates    and 

the  wall  should  be 

completely  filled  with 

plaster  of    Paris,    so 

that   no  crevice   or 

hole  is  left  for  vermin. 

78.  In  situations 
where  space  must  be 
economized    to    the  Pio.« 

utmost,  a  folding  washsiand  or  basin  may  be  employed. 
The  bowl  of  such  an  appnratus  is  hung  on  hinges,  and  when 
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not  in  use  may  be  turned  up  into  a  pocket  in  the  wall,  as 
shown  in  Fig.  45.  Two  swing  cocks  at  a  supply  hot  and 
cold  water  to  the  basin  when  their  nozzles  are  swung  around 
until  they  are  over  it.  The  water  in  the  wash  bowl  d  is 
emptied  into  a  receiving  tank  or  chamber  c  when  the  bowl  is 
raised  and  the  apparatus  closed,  and  is  carried  away  by  a 
waste  pipe  whose  trap  is  immediately  under  the  tank. 


RANGE  OF  WASH  BASINS 

79.  Fig.  46  shows  a  range  of  basins  very  suitable  for 
use  in  the  employe's  toilet  rooms  of  large  industrial  estab- 
lishments and    in   public    institutions.      It   consists   of    a 


Pio.  « 
number  of  solid-porcelain  bowls  similar  to  Fig.  37,  grouped 
together  and  set   back   to   back  on   cast-iron  standards  a, 
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which  are  braced  by  cross-rods  b,  b.  Each  standard  has  a 
wide  flange  cast  on  top.  All  the  standards,  except  the  two 
end  ones,  are  set  exactly  under  the  joints  between  the 
basins,  so  that  the  end  of  each  basin  is  supported  on  a 
standard  flange.  The  basins  shown  are  each  supplied  with 
a  hot  and  cold  spring  cock.  The  wheel  handles  shown  on 
these  cocks  are  not  as  desirable  as  cross-  or  tee-head  handles, 
because  they  slip  when  the  hands  are  soapy.  The  basins 
shown  are  all  furnished  with  standing  wastes.  One  trap  is 
generally  used  for  a  range  of  basins.  This  arrangement  is 
to  be  recommended  for  mill  and  factory  use  in  preference 
to  wash  sinks  or  cast-iron  enameled  basin  ranges. 


n&TATOBT   DBTAHiS 

80.    Marble  Basin  Slabs. — The  slabs,  or  rather  com- 
binations of  two  or  more  slabs,  used  for  wash   basins  are 
generally  made  of  marble 
and  are  known  to  the  trade 
as  follows: 

1.  Bound-comer  slab 
^rltli  two  backs,  as  shown 
in  Fig.  47.  This  style  is 
commonly  used  in  small 
bathrooms.  It  is  usually 
supported  by  cleats  nailed 
under  both  of  the  straight 

ledges  of  the  slab.     This  basin  faces  diagonally  across  the 

room.     The  common  sizes 

of  these  slabs  are  18, 19,  20, 

21,  32,  and  24  inches  long 

at  each  straight  side.    The 

backs  are  8,  10,  or  12  inches 

high.     The  slabs  are  1^  to 

IJ  inches  thick.    The  backs 

are  j  to  1  inch  thick.  

a.     Slab  with  single  '''°'  * 

bac-k,  as  shown  in  Fig.  48.     This  style  is  intended  to  be  set 


'FiO.  47 
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against  a  wall  and  away  from  corners.  It  is  preferable  to 
corner  basins,  because  it  gives  the  bather  ample  space  at  the 
fixture.  This  slab  is  generally  supported  at  the  back  by  a 
cleat  and  in  front  by  legs 
or  brackets. 

3.  lUght-hand  comer  j 
slab,  or  slab  with  back  I 
and  right-hand  end,  as 
shown  in  Fig.  49.  It  is 
designated  right  hand  be- 
cause the  side  wall  is  at  the 
right   of   the   person   while  *''<'■  *• 

using  the  fixture.    The  back  and  right-hand  end  are  usually 
supported  on  cleats,  and  the  corner  by  a  leg  or  bracket 
secured  to  the  wall. 

4.  Ijeft-hand  corner 
Blab,  or  slab  -with  back 
and  left-hand  end,  as 
shown  in  Fig.  50.  What 
has  been  said  with  reference 
to  the  right-hand  corner 
slab  is  applicable  to  this 
^"■M  slab. 

The  common  sizes  of  slabs  shown  in  Figs.  48,  49,  and  50 
are  19"  X  24",  20"  X  24",  20"  X  26",  20"  X  28",  2«"  X  30", 
22"  X  28",  22"  X  30",  22"  X  30".  The  thickness  of  these 
slabs  is  from  IJ  to  I  j  inches,  and  the  thickness  of  the  backs 
is  from  J  to  1  inch.  The 
smaller  size  in  each  case  is 
most  commonly  used. 

5.  Recess  slab.  ()r  slab 
with  back  and  two  ends, 
as  shown  in  Fig.  51.  It  is 
called  recess  because  it  is 
usually  set  snugly  into  a 
recess  in  the  room.     Only 

the  front  edge  of   the  slab  is  molded.     This  slab   is  sup- 
ported by  cleats  under  the  ends  and  back;   or,  the  ends 
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and  back  may  be  let  into  the  wall  about  1^  or  3  inches. 
The  sizes  of  recess  slabs  depend  on  the  dimensions  of 
the  recesses  into  which  they  are  to  be  set.  These  vary 
so  much  that  it  is  customary  to  get  slabs  especially  cut  to 
fit  the  recesses. 

.'  81.  Moldings. — There  are  several  forms  of  moldings 
.''employed   in  the   manufacture  of   marble  slabs,  the   most 


popular  being  the  ogee  molding  shown  in  Fig.  52  (a). 
Fig.  52  (b)  shows  the  fillet  and  chamfer  molding. 
Fig.  52  (c)  shows  the  chamfer  molding.  Fig.  52  (d)  shows 
the  triple  bead  molding,  the  three  beads  being  cut  into 
the  exposed  edges  of  the  slab,  as  at  a,  a,  a. 

82,  The  style  of  molding  used  should  be  selected  to 
match  the  interior  trim  of  the  toilet  room.  The  ogee  mold- 
ing is  commonly  used  when  no  preference  is  indicated  by 
architeot  or  owner. 

83*    Basin   Safes. — A   special   pan   of   marble   or  other 
material  is  often  placed  in  the  floor  under  a  basin  for  the 
purpose    of    receiving 


V ~~:.  "."JM    drips  or  leakage  from 

^    the  lavatory.     Such  a 
pan  is  called  a  basin 
^°-  o*  safe.     If  made  of  mar- 

ble, slate,  or  other  kind  of  stone,  or  cement,  they  are 
countersunk  or  dished  out  on  top.  If  made  of  metal,  such 
as  sheet  copper  or  lead,  they  are  provided  with  a  raised 
rim  all  around,  so  that  the  water  falling  on  the  safe  will 
not  readily  escape  to  the  floor.     The  safe  thus  becomes  a 
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receptacle  to  hold  a  small  amount  of  leakage.  A  marble 
floor  safe  is  shown  at  j  in  Fig.  39.  In  setting  a  safe,  it 
is  advisable  always  to  sink  it  in  the  floor,  as  shown  in 
Fig.  53,  so  that  the  raised  portion  a  will  be  about  \  inch 
above  the  finished  floor  line ;  the  safe  must  be  set  level. 


DRENKINO   FOUNTAINS 

TYPES 

84.  Drinklngr  fountains  are  used  extensively  in  schools, 
hotels,  large  office  buildings,  barracks,  and  other  buildings 
where  a  large  number  of  people  congregate.  They  are 
seldom  used  in  private  residences.  There  are  two  kinds 
of  drinking  fountains;  in  the  one  kind  a  cup  is  used  to 
drink  from,  while  the  other  is  provided  with  a  jet  from 
which  people  may  drink  without  the  use  of  a  cup. 

85.  Objections  have  been  raised  by  sanitary  authorities 
to  the  ordinary  public  drinking-cup  method  of  distributing 
water.  It  is  stated  that  the  saliva  from  diseased  people 
adheres  to  the  cup,  and  is  a  source  of  spreading  disease 
among  healthy  people  who  drink  from  the  same  cup.  The 
question  of  a  hygienic  method  of  distributing  pure  drinking 
water  to  the  people  is  a  question  worthy  of  grave  considera- 
tion. The  public-cup  fountain  certainly  is  unsanitary,  yet 
a  large  number  of  them  are  in  constant  use  and  many  more 
are  being  installed  daily.  To  overcome  the  danger  of  spread- 
ing disease  by  the  use  of  the  same  cup  by  all  people,  it  is 
recommended  that  each  individual  carry  and  use  his  own 
cup.  The  individual-cup  method  Is  applicable,  however,  only 
for  schools,  etc.,  where  it  is  convenient  for  people  to  carry 
their  own  cups. 

CUP  FOtrUTAINB 

86.  Marble-Slab  Fountains. — Fig.  54  shows  a  marble- 
slab  fountain,  a  large  number  of  which  are  in  use.  It  is 
composed   of  a  countersunk   marble  slab  a,  usually  about 
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24  inches  long  by  13  inches  wide.  This  slab  is  generally 
countersunk  about  1  inch,  and  grades  down  to  a  waste 
strainer  that  is  located  in  the  center  of  the  slab.  The  back 
slab  b  is  about  16  inches  high,  and  is  usually  ornamental. 
One  or  more  cold-water  J-inch  supply  pipes  are  brought 
through   the   back,  from   which  drinking   water   is  drawn 


through  suitable  spring  cocks.  The  height  of  the  cock 
should  be  about  10  inches  above  the  slab,  and  the  flow  of 
the  water  should  be  restricted  by  a  valve  or  stop-cock  on 
the  supply  pipe,  or  by  a  restricted  orifice  in  the  cock,  so 
that  the  water  will  flow  in  a  slow,  solid,  and  steady  stream, 
which,  when  falling  on  the  slab  a,  wilt  not  splash  over  on 
the  floor. 

87.  The  height  that  a  fountain  should  be  set  above  the 
floor  depends  somewhat  on  the  average  stature  of  the  people 
who  will  use  it.     For  the  use  of  school  children,  the  height 
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from  floor  to  spring  cock  should  be  ahmil  3  feet  G  inches. 
For  the  use  of  adults,  the  height  may  be  f<)ur  feet. 

88.  Porcelain  Fountains.  —  Sol  id -porcelain  roll-rim 
fountains  are  often  used.  They  are  composed  of  a  bowl  and 
back  plate  molded  in  one 
piece,  the  cocks  being 
attached  to  the  back,  as 
shown  in  Fig.  55.  Such 
fountains  are  usually 
secured  to  the  wall  with 
nickel-plated,  round- 
head  screws  and  nickel- 
plated  washers,  or  by 
nickel-plated  lag- 
screws,  or  expansion 
bolts. 

89.  Kecesaed  Foun- 
tains.— Recessed  foun- 
tains are  set  in  the 
walls,  and  hence  do  not 

project  as  much  as  the  ^'"-  ^ 

ordinary  fountains,  which  makes  them  especially  desirable 
for  use  in  narrow  passages  or  halls.  They  may  be  made  of- 
marble,  porcelain,  or  other  such  material.  Fig.  50  shows 
an  escellent  recessed  solid-marble  fountain  that  is  simple 
and  substantial.  It  is  cut  out  of  a  solid  block  of  marble, 
the  bottom  being  dished  out  to  a  depth  of  about  3  inches. 
A  waste  strainer  a  is  located  at  the  lowest  point.'  A  marble 
apron  b  let  into  the  wall  and  secured  with  nickel-plated 
expansion  bolts  at  the  corners  can  be  readily  removed  to 
give  access  to  the  trap.  The  glass  holder  c  and  the  spring 
cock  for  this  class  of  work  should  preferably  be  made  of 
first-quality  white  metal.  This  metal,  when  polished, 
resembles  silver  and  is  the  same  color  all  through  its  body. 
The  cocks  and  glass  holders  should  be  frequently  scoured 
and  polished  to  keep  them  perfectly  clean ;  if  they  are  made 


D.qit.zeaOvGoOt^lc 


56         WASHING  AND  DRINKING  FIXTURES     g  19 


of  brass  and  nickel  plated,  or  silver  plated,  the  scouring  will 
remove  the  plating  and  show  the  brass  body  under  it,  which 


TT~r 


J      l: 


,  is  not  desirable.  White-metal  goods  may  be  scoured  and 
polished  without  affecting  their  appearance  until  holes  are 
worn  through  the  metal. 

90.  Fountains,  like  the  one  shown  in  Fig.  56,  are  appro- 
priate for  massive  construction  work,  i.  e.,  for  buildings 
that  not  only  are  strong  but  must  also  appear  strong;  they 
look  particularly  neat  when  set  in  white-enamelled   brick 

walls. 


RISING-JXT  FOUNTAtNS 

91.  A  cupless,  or  rl^n^-Jet,  fountain  is  a  modern 
fountain,  especially  constructed  to  distribute  drinking 
water  without  the  use  of  drinking  cups  or  glasses  of  any 
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description.  The  distribution  is  effected  simply  by  a  rising 
jet  of  water  like  a  live  spring,  from  which  people  may  sip  water 
directly  from  the  jet. 

Fig.  57  shows  such  a 
fountain  fitted  up  com- 
plete on  brackets  secured 
to  a  wall.  It  has  a  coun- 
tersunk marble  slab,  and 
is  fitted  with  a  trap  and 
waste  pipe  a,  and  a 
i-inch  water-supply 
pipe  b.  The  valve  on  b 
is  operated  by  a  loose 
socket  key,  shown  at  c, 
which  the  attendant 
keeps  in  his  possession. 
This  valve  is  adjusted  to 
allow  a  jet  of  water  to 
rise  about  3  inches,  as 
shown  at  d\  this  is  the 
point  where  a  drink  is 
obtained  by  stooping 
over  and  sucking  up 
water  from  the  jet. 

93.    A  detail  of  the  jet  ^'o-  <" 

and  waste  connections  is  shown  in  Fig.  St*.  A  waste  cup  a 
is  countersunk  into  the  marble  slab  b,  and  is  held  in  place 
by  a  special  hollow  locknut  c  screwed  up  to  the  under 
side  of  the  marble  slab.  The  trap  li  is  attached  to  the 
waste  cup  a  by  a  coupling  joint  as  shown,  and  the  water 
pipe  is  continued  up  through  the  inlet  end  of  the  trap, 
terminating  with  a  nozzle  below  the  water  in  the  inner 
cup  e.  This  inner  cup  is  located  about  J  inch  below  th» 
level  of  the  waste  cup  and  remains  6lled  with  water,  as 
shown.  The  water  flows  into  the  cup  and  overflows 
through  the  waste  cup  into  the  trap.  A  few  small  holes 
drilled  through  the  side  of  the  jet  cap  on  top  of  the  water 
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pipe   provide  a  continuous  flush   for   the   inner  cup;   thus 
the   water   in   e  is   always  clean. 


93.     The  cupless  "fountain  is  suitable  for  public  places, 

such  as  schools,  colleges,  academies,  hospitals,  office  build- 
ings, factories,  ferry  houses,  railroad  stations,  public  parks, 
etc.  For  schools  it  is  customary  to  allow  one  fountain  for 
50  scholars. 
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The  cupless  fountain  prevents  the  spread  of  infectious 
diseases;  as  the  person  using  it  drinks  from  the  flowing 
water,  the  lips  do  not  come  in  contact  with  any  part 
of  the  metal,  and  any  impurities  from  the  lips  are  imme- 
diately washed  into  the  waste  pipe. 
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BATHS  AND  URINALS 


INTEOODCTION 

1.  The  general  term  bath  is  applied  to  any  fixture  in 
which  a  person  can  bathe,  but  in  accordance  with  either  the 
shape  or  purpose  the  different  fixtures  are  given  specific 
names  by  the  trade.  The  fixture  generally  installed  in 
bathrooms  has  the  form  of  a  tub,  whence  it  derives  its  name 
of  bathtub.  Since  a  person  can  plunge  into  the  contained 
water,  it  is  also  spoken  of  as  a  plunge  bath, 

2.  Bathtubs  are  made  in  three  general  styles,  which  are 
the  ordinary,  French,  and  Roman,  the  difference  being  in 
the  shape. 

The  ordinary  style  has  a  round  bottom,  with  a  sloping 
head  and  a  vertical  foot.  The  French  style  has  a  fiat 
bottom  and  flat  parallel  sides,  with  rounded  corners.  The 
head  slo|>es  and  the  foot  is  vertical.  The  Boman  style  is 
rectangular,  the  sides,  bottom,  and  ends  being  flat,  with 
round  corners.  Both  the  ends  and  the  sides  are  nearly  ver- 
tical.    The  ends  usually  slope  more  than  the  sides. 

The  ordinary  style  requires  the  least  water;  but,  the  bot- 
tom being  semicircular  In  form,  it  is  of  inconvenient  shape 
to  stand  on.     The  French  tub  affords  more  room  for  the 
bather,  but  requires  more  water. 
§30 

mmedialBly  (ollowiugr  tha  title  page. 
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The  Roman  bath  gives  the  most  room  for  the  bather. 
It  is  designed  chiefly  to  overcome  the  unbalanced  appear- 
ance that  the  other  forms  present  when  fitted  up  elsewhere 
than  in  a  corner.  In  this  style,  the  faucets  are  nearly 
always  located  outside  the  tub,  and  the  hot  and  cold  water 
enters  through  a  single  opening.  The  interior  space  is 
thus  free  from  all  obstructions  or  projections  on  which  the 
bather  might  be  injured. 


metal.-i.ito:d  batutubs 

3.  Construction. — The  cheapest  grade  of  tiaths  are 
made  of  wood  and  lined  with  zinc  or  tinned  copper.  The 
latter  is  the  most  common  lining  for  metal-lined  tubs;  such 
a  bath  is  known  to  the  trade  as  a  copper-lined  bath. 
Copper-lined  bathtubs  are  from  4^  to  (J  feet  long,  24  to 
36  inches  wide,  and  20  to  22  inches  deep.  Such  a  bath  is 
shown   in  Fig.   1.     It  is  simply  a  wooden  box  lined  with 


tinned  copper,  the  tinning  being  inside  the  bath  and  highly 
polished.  An  overflow  horn  is  located  at  a.  This  bath 
should  be  encased  with  wood  finishings  and  have  a  special 
top  made  to  fit  the  bath  and  the  position  in  which  it  is  placed. 

4.  steel-clad  baths  are  coppej^-lined  or  aluminum-lined, 
the  casing  being  steel.  They  are  supported  on  four  cast- 
iron  feet,  have  a  top  rim  3  or  4  inches  wide  all  around, 
attached  to  the  bath,  and  have  no  woodwork  around  them, 
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being  open,  and  hence  are  more  sanitary  than  tubs  that  are 
enclosed.  A  sheet  of  non-conducting  material,  such  as  asbes- 
tos, is  placed  between  the  lining  and  metallic  casing  of  cop- 
per-lined steel-clad  baths.  The  tin  coating  soon  wears  off 
and  exposes  the  copper.  A  harder  and  more  durable  coat- 
ing is  secured  by  nickel  plating. 

5.  Waste  Connections. — The  'waste  pipe  is  always 
connected  to  the  bottom  of  the  tub,  and  should  be  provided 
with  a  strainer  to  prevent  the  passage  of  soap,  rags,  etc. 
into  the  trap.  The  mode  of  connecting  the  waste  pipe  to  a 
common  copper-lined  bath  is  shown  in  Fig.  3.  The  wooden 
bottom  ti  is  countersunk,  and  the  copper  lining  l>  is  also 
countersunk  to  suit.     The  waste  pipe  c,  which  should  not 


be  less  than  1^  inches  inside  diameter,  is  flanged  over,  as 
shown.  The  brass  socket  (/  is  provided  with  cross-bars  e 
that  serve  as  a  strainer,  and  is  ground  to  a  water-tight  fit 
with  the  plug  /.  The  space  g  is  filled  with  solder,  flush 
with  the  lining. 

6.  All  tubs  should  be  provided  with  an  overflow  pipe 
having  a  perforated  plate  or  strainer  over  its  mouth  to  keep 
out  soap,  etc.  A  common  form  of  a  copper-lined  tub 
connection  is  shown  in  Fig.  3.  The  bath  empties  through 
the   IJ-inch  waste  pipe  a   and  through  the  li-inch  half  S 
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trap  b  into  the  drainage  system.     A  1^-inch  lead  over6ow 
pipe  c  connects  the  copper  overflow-pipe  horn  d  to  the  trap. 


A   |-incb   or  |-inch   pipe   e  supplies   the   bath  with  water 
through  the  bath  cock_/. 


7.     Btandlni?  overflow  and  waste  plp<?s,  as  shown  in 
Fig.  4,  are  frequently  used.     The  overflowing  water  passes 
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over  the  top  of  the  standing  tube  a,  and  when  the  tub  6  is 
to  be  emptied,  the  tube  is  pulled  upwards,  thus  uncovering 
the  perforations  at  the  bottom  of  the  inner  tube  c,  as  shown. 
The  outer  tube  is  provided  with  a  rubber  ring  d,  which 
makes  a  water-tight  joint  with  the  seat  when  it  is  dropped 
down  on  the  bottom.  A  bent  coupling  e  is  shown  attached 
to  the  waste  outlet.  If  desired,  a  straight  coupling  may  be 
used.  This  coupling  connects  with  the  bath  trap,  which  is 
not  shown. 

8.  The  waste  connection  shown  in  Fig.  4  is  most  com- 
monly used  with  the  earthenware,  porcelain,  or  cast-iron 
baths.  A  combination  that  is  especially  suited  to  copper- 
lined  baths  is  shown  in  Fig.  6,  The  stand-pipe  overflow  a 
is  arranged  at  the  top  so  that  it  passes  through  a  sleeve  in 


the  mixing  pipe  of  the  combination  bath  cock  b.  The 
valve  is  opened  by  pulling  up  the  cup  handle  c.  This 
arrangement  steadies  the  standing  waste  and  makes  it 
positively  secure.  Fig.  5  shows  a  cross-section  through  a 
copper- lined  French  bath. 
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9,     A  stand-pipe  combination  of  waste  and  overflo^r 

is  shown  in  Fig.  8.  The  tube  a  is  provided  with  a  rubber 
ring  b  that  shuts  water-tight  upon  the  seat  c.  The  water 
rises  between  the  tubes  a  and  d  to  the  same  height  that  it 
does  in  the  bath  until  it  reaches  the  perforations  e\  it  over- 
flows through  these  and  passes  down  the  interior  of  a  to  the 


waste  pipe.  The  inner  tube  is  provided  with  a  handle  / 
having  a  suitable  slot  and  catch,  commonly  Icnown  as  a 
bayonet  catch,  by  which  it  can  be  lifted  and  suspended, 
as  shown.  Combined  waste  and  overflow  devices  are 
adapted  to  all  kinds  of  bathtubs,  whether  of  wood,  metal, 
or  porcelain. 

10,     Bathtubs  that  are  to  be  cased  in  are,  in  good  work, 
set   on   a   copper  or  lead  safe.     Those  that  are  to  be  left 
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open,  in  the  best  practice,  are  set  on  marble  safes  or  on  a 
floor  of  some  impervious  material.  In  either  case,  the 
bathtub  should  be  set  on  the  floor  with  a  slight  pitch 
toward  the  waste  outlet.  Marble  safes  are  usually  dished 
out  to  a  depth  of  |  or  |  inch,  and  have  a  brass  strainer  con- 
nection to  a  waste  pipe.  They  should  always  be  set  at  a 
small  inclination,  so  that  the  water  will  drain  properly 
toward  the  waste  strainer. 

11.  Supply  Connections. — The  hot  and  cold  water  may 
enter  the  bath  through  separate  faucets.  The  water  is,  how- 
ever, generally  delivered  to  the  bath  through  a  single  bath 
cock  composed  of  the  hot  and  cold  shut-off  valves  joined 
together  into  one  discharge  nozzle.  Such  a  fixture  is 
usually  nickel -pi  a  ted  and  is  known  as  a  combination  batb 
cock.  The  valves  of  the  cock  may  be  inside  or  outside 
the  bath.  Ground  key  cocks  are  seldom  used  as  bath  cocks, 
Fuller  and  compression  valves  being  mostly  used  instead. 
An  outside  Fuller  combination  bath  cock  is  shown  in  Pig.  4. 
An  inside  compression  combination  bath  cock  is  shown  in 
Fig.  5.  The  faucets  that  are  used  to  control  the  water 
supply  are  either  of  the  Fuller  or  compression  type;  plug 
cocks  are  used  only  on  very  low  water-pressure  work. 

In  the  best  grade  of  fittings,  angle  valves  with  brass 
screw -joint  connections  are  employed,  and  they  are 
arranged  to  deliver  water  into  the  tub  through  the  same 
nozzle.  All  the  valves  and  pipes  are  thus  located  out- 
side of  the  tub,  and  the  whole  interior  space  is  free  from 
obstructions. 

13.  It  is  quite  common  practice  to  arrange  the  bath 
cocks  so  that  they  will  supply  the  bath  from  points  near  the 
bottom,  as  shown  in  Figs.  0  and  9.  This  method  is  certainly 
less  noisy  than  that  in  which  the  nozzles  are  always  above 
the  water  in  the  bath,  but  it  nevertheless  has  a  disadvantage 
that  should  prohibit  its  general  use.  For  instance,  suppose 
the  bath  to  be  full  of  foul  water  and  soap,  etc. ;  a  heavy  draft 
is  then  made  on  the  main  by  somebody  opening  faucets  at 
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lower  levels.  The  bath  water  will  immediately  be  sucked,  as 
it  were,  up  through  the  combination  cock  (if  it  is  open)  and 
then  be  siphoned  down  through  the  supply  pipes,  thus  con- 
taminating them. 

13.  Sometimes  the  hot-water  and  cold-water  faucets  are 
connected  to  deliver  into  the  outer  shell  of  the  standing  waste, 
so  as  to  supply  the  tub  through  the  waste-pipe  strainer. 
This  is  a  bad  plan,  because  when  the  tub  is  emptied  the 
water  passes  out  first  and  all  soap  or  refuse  goes  last. 
This  refuse  tends  to  lodge  in  the  waste  pipe,  and  will  be 
washed  back  into  the  tub  when  fresh  water  is  introduced 
in  that  way. 

14.  Fig.  7  shows  the  arrangement  of  the  connections  to 
a  Roman  bathtub  a.  The  standing  waste  b,  the  hot-water 
faucets,  and  the  cold-water  faucet  (/are  placed  at  the  side  of 
the  tub,  between  it  and  the  wall.  The  mingled  hot  and  cold 
water  enters  through  the  single  nozzle  e,  which  is  usually 


^^^^ 


made  in  the  form  of  a  shell,  as  shown  in  the  section  to  the 
left  of  the  figure.  The  hot-water  circulation  pipe  /,  the 
waste  pipe^,  the  trap  /(,  and  the  trap  vent  (are  connected- 
as  shown.  The  standing  waste  b  was  shown  to  an  enlarged 
scale  and  in  section  in  Fig.  6. 
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80I.tI>   BATHTUBS 

15.  Form  of  Blms.  —  Metal  and  porcelain  tubs  are  made 
with   two   styles  of   rims. 

The  plain  rim  a,  Fig.  8 

(a),   needs  a  wooden    top 

or    rail     b    to    cover    the 

square  edges,  protect  the 

bather,   and   improve   the 

appearance.     The  wooden 

top  may  be  secured  to  the   , 

rim    of    an   iron    tub    by   I 

clamps  c,  as  shown.     The  ^"''  * 

roll  rim,  shown   in   Fig.   8  (b),  requires  no  other  finish, 

will  not  decay,  and  does  not  harbor  vermin. 

16.  Cast-iron  Enameled  Batbtiib. — Fig.  9  shows  an 
excellent  cast-iron  roll-rim  enameled  bath,  with  nickel- 
plated  standing  waste,  hot  and  cold  combination,  and  low- 

*  down  supply,  all  open  and  quite  accessible  for  cleaning  and 


repairs.     The  bath  is  supported  by  four  ornamental  cast-iron 
feet  and  is  set  on  a  countersunk  marble  safe.      This  bath  is 
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painted  outside  with  enamel  paint;  the  interior  surface  and 
the  roll  rim  are  coated  with  porcelain  enamel. 

Cast-iron  bathtubs  are  usually  about  the  same  length  as 
metal-lined  bathtubs;  that  is,  they  range  from  4}  to  6  feet 
in  length;  they  are   generally    shallower,   being   as  a  rule 
about  19  inches  deep. 

The  bathtub  and  connections  here 
shown  are  commonly  used  on  plain 
substantial  work  where  economy  is  an 
important  feature.  They  are  to  be 
recommended  for  places  where  the 
city  pressure  is  constant.  If  the  pres- 
sure is  intermittent,  and  if  there  is  lia- 
bility of  the  water  in  the  house-supply 
pipes  being  drained  back  to  the  street 
main,  it  would  be  advisable  to  dispense 
with  the  low-down  inlet  a  and  place  it 
above  the  bath  water-line. 

17.  Bath  Supply  and  Waste 
Comb! nation. — Fig.  10  shows  a  bath 
supply  and  waste  combination  that 
will  prevent  the  water  in  the  bath 
from  draining  back  into  the  supply 
^'°'  '*  pipes.     The  inlet  opening  to  the  bath 

is  at  a,  which,  being  higher  than  the  overflow  perforations 

in  the  standing  waste  tube  of  the  stand  pipe  b,  is  always  above 

the   water  in   the   bath.      The 

waste  grating  is  at  c.     In  this 

combination  a  slip  joint  is  made 

at   (/,   which   allows   the  waste 

pipe  c  f  to  be  adjusted  in  length 

to  suit  the  hole, in  the  bottom 

of  the  bath. 

18.    Fig,  11  shows  a  sectional 
view  of  the  slip  joint.     The  fig.  ii 

waste  pipe  a  is  first  attached  rigidly  to  the  waste  hole  in  the 
bottom  of  the  bath;   the  riug  coupling  b  is  then  screwed 
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tightly  on  the  casting  c  at  the  base  of  the  stand  pipe,  and  a 
soft-rubber  ring  d  is  thus  pressed  firmly  against  c  and  a, 
which  makes  the  joint  water-tight. 

19.     A  bathtub  more  costly  than,  and  decidedly  superior 
to,  those  previously  illustrated  is  shown  in  Fig.   Vl.     It  is 


made  of  solid  porcelain,  and  glazed  both  outside  and  inside. 
This  is  known  as  an  all-porcelatn  roll-rim  bath,  and 
has  a  low-down  supply  combination  a  and  a  standing 
waste  b.  The  crosshead  handles  of  the  valves  are  ivory 
mounted    and    marked    "Hot"   and    "Cold."     A   special 
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feature  of  the  equipment  of  this  bathtub  is  the  combination 
spray  c  and  shower  </,  a  white-rubber  curtain  e,  and  a 
nickel-plated  brass  curtain  holderythat  is  attached  to  the 
mixing  pipe  g  of  the  shower.  In  this  combination,  it  is 
only  necessary  for  the  bather  to  draw  the  curtain  forwards 
and  operate  the  handles  of  the  valves  that  come  through 
the  back  of  the  curtain.  This  enables  him  to  govern  the 
volume  and  temperature  of  the  water  as  he  stands  within 
the  curtain.  The  valves  at  the  foot  of  the  bath  supply  the 
plunge,  i.  e.,  they  fill  the  bath.  The  two  valves  at  the 
back  of  the  curtain  control  the  hot  and  cold  water  both  to 
the  shower  (/  overhead  and  the  spray  tubes  c  inside  the 
curtain.  The  inverted  valve  A  to  which  the  spray  tubes 
are  joined  controls  the  volume  of  water  to  the  spray  from 
the  mixing  tube  g-  that  runs  up  back  of  the  curtain  and 
supplies  the  shower  ti.  A  special  shower  spring  cock  pro- 
vided with  a  chain-and-ring  pull  is  attached  to  the  top  of 
the  mixing  tube,  as  shown.  Therefore,  to  obtain  a  shower, 
it  is  necessary  to  pull  the  chain. 

To  prevent  the  bather  from  being  scalded  by  turning  the 
hot  valve  full  open  by  mistake,  a  mixing  chamber,  pro- 
vided with  a  thermometer,  is  sometimes  attached  to  the 
mixing  tube  at  the  point  where  the  hot  and  cold  cocks  join. 
The  thermometer  bulb  must  be  in  the  current  of  the  water, 
but  the  graduated  stem  is  secured  inside  the  curtain  so  that 
the  bather  may  know  the  temperature  of  the  water  before 
it  strikes  him. 

To  complete  the  equipment,  a  soap  dish  i,  sponge  rack  j, 
and  towel  rack  ^  are  usually  provided.  These  the  plumber  will 
secure  to  the  tiled  walls  with  brass  expansion  bolts,  except 
the  soap  dish,  which  may  hang  on  the  roll  rim,  as  shown. 

Porcelain  bathtubs  are  usually  about  30  inches  wide  at  the 
head,  24  inches  wide  at  the  foot,  and  about  22  inches  deep. 
They  are  quite  heavy,  a  tub  5^  feet  long  weighing  about 
COO  pounds.  In  Fig.  12  the  waste  pipe  /  has  a  slip  joint 
between  the  bath  and  the  stand  pipe;  a  support  is  let 
into  the  porcelain  and  made  fast  to  steady  the  stand  pipe 
and  the  supply  pipes. 
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SPECLAX  FORMS  OF  BATHTUBS 

30.  81tz,or  Seat,  Baths. — A  special  form  of  bathtub 
that  is  of  smaller  dimensions  than  the  plunge  baths  pre- 
viously described,  being  from  34  inches  to  37  inches  long, 
23  inches  wide,  and  12  inches  to  17  inches  high  at  the  front 
edge,  when  set  up,  is  known  as  a  sltz,  or  seat,  bath.  The 
back  is  usually  6  inches,  or  more,  higher  than  the  front. 

The  sitz  bath  is  fitted  up  with  hot-  and  cold-water  and 
waste  connections  in  a  manner  similar  to  those  already 
shown  and  described  for  plunge  baths.  The  hot  and  cold 
water  mixes  and  enters  by  the  tube  a,  Fig.  13.     The  waste 


water  leaves  the  bath  through  6.  A  base  c  supports  the 
bath,  but  legs  may  be  used  if  desired.  Sitz  baths  are  fitted 
up  in  bathrooms  that  contain  the  usual  other  fixtures,  such 
as  baths  and  lavatories,  in  order  to  make  the  equipment 
more  complete. 

SJl.  Foot-Baths. — A  bathtub  intended  to  be  used  only 
for  washing  the  feet  is  known  as  a  foot-bath.  Such  tubs 
are  of  about  the  same  dimensions  as  seat  baths;  some, 
however,  are   only  17   in.  X  19   in.,   and    10   inches   deep. 
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Seat  and  foot-baths  are  constructed  of  the  same  materials, 

are  connected  tQ  the  waste  pipes  in  the  same  way,  and  are 
provided  with  the  same 
fittings  as  the  full-size 
baths.  Fig.  14  shows  a 
foot-bath  of  approved 
make.  It  is  furnished 
with  hot-  and  cold-water 
supply  fittings  and  a 
combination  stand-pipe 
waste  at  the  back,  the 
knob  a  being  the  top  of 
the  standing  waste  and 
b  a  hollow  shell  through 
which  water  enters  the 
foot-bath.  This  style  of 
fixture  is  usually  fitted 

lip  in  bathrooms   intended  to   be  very  complete  in   their 

appointments. 

BIDETS 

%%.  Bidets. — A  pan  having  a  seat  like  a  water  closet 
and  a  jet  of  water  that  is  projected  upwards,  as  shown  in 
Fig.  15,  is  known  as 
a  bidet.  The  pans 
are  made  of  porce- 
lain or  copper,  and 
are  also  made  in 
one  piece  with  the 
support,  as  shown 
in  the  illustration. 
They  are  usually 
fitted  with  hot-  and 
cold-water  connec- 
tions and  with  a 
mixing  pipe  that 
should  have  a  ther-  ''"'•  " 

momeier  attached  to  indicate  the  temperature  of  the  water. 


D.qit.zeaOvGoOt^lc 


§20  BATHS  AND  URINALS  16 

Sometimes  the  pans  are  fitted  with  a  standing  overflow  and 
waste  plug,  by  which  water  may  be  retained  in  the  pan.  In 
Fig,  16  the  bowl,  or  pan,  a,  is  fitted  with  an  open  waste 
connection  b,  through  which  projects  a  small  jet  nozzle  c. 
The  force  of  the  jet  of  water  ejected  from  c  is  governed  by 
the  valve  d. 

33.  To  have  the  use  of  a  bidet  jet  without  a  special 
bidet  bowl,  as  in  Fig.  15,  a  bidet  cock  can  be  attached  to 
an  ordinary  water-closet  seat  a.  Fig.  16,  by  means  of  a 
clamp  b  secured  to  its  under  side.  The  ground  cock  c  to 
which  the  jet  arm  d  is  attached  works  on  a  swivel  in  such 
a  manner  that  when  the  handle  e  lies  in  the  cup,  and  the 


jet  arm  d  is  consequently  raised  to  a  horizontal  position 
at  the  back  of  the  closet  bowl  g,  as  shown  by  the  dotted 
lines,  the  water  will  be  shut  off  and  d  will  be  concealed 
under  the  seat.  This  attachment  is  usually  supplied  with 
cold  water  only.  A  small  drip-pipe  coupling  h  is  generally 
connected  to  a  ^-inch  waste  tube  to  carry  off  any  drippings 
from  c. 
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CONSTKTTCTION 

24t.  Z>efliiitlon  and  Advantages. — A  bath  in  which  a 
person  can  subject  him- 
self to  a  shower  or  spray 
of  water  from  overhead 
is  known  as  a  shower 
bath.  Shower  baths, 
also  sometimes  called 
rain  batbs,  are  espe- 
cially adapted  for  public 
bathing  establishments. 
They  have  an  advantage 
over  plunge  baths  for 
such  places  in  that  they 
occupy  but  little  floor 
area:  furthermore,  they 
are  thoroughly  hygi- 
enic, as  the  same  water 
never  comes  in  contact 
with  the  body  twice. 

Some  people  make  a 
distinction  between 
shower  baths  and  rain 
baths,  applying  the  for- 
mer term  to  a  bath 
delivering  the  water  in 
larg.e  drops  at  a  low 
velocity,  and  the  latter 
term  to  one  in  which 
the  water  is  delivered 
downwards  in  minute 
jets  at  a  high  velocity. 

fec.  it  85.    Simple  Shower 

Baths.- — Fig.  17  shows  a  simple  form  of  shower  bath.     It  is 
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composed  of  a  hot-water  supply  pipe  a,  a  cold-water  supply 
pipe  b,  a  hot-water  valve  c,  a  cold-water  valve  d,  a  mixing 
pipe  e,  a  plain  spun-copper  sho^ver  f,  and  a  marble  safe  g 
with  a  strainer  and  waste  connection  at  the  center.  The 
pipes,  valves,  and  showers  are  usually  nickel- plated.  The 
valves  should  always  be  marked  "Hot  "  and  "  Cold." 

86,  Fig.  18  shows  the  inside  construction  of  the  shower/' 
in  Fig.  17.  Water  enters  the  shower  through  a,  which  has 
holes  drilled  through  the 
side,  as  shown.  The  air 
collecting  in  the  top  of  the 
shower  escapes  through  b 
the  water  flows  uniformly 
out  of  the  numerous  small 
tubes  and  thus  produces 
artificial  rain,  or  a  shower. 

The  body  of  the  shower  "°- '" 

should  be  in  two  parts  and  connected  with  a  thread  at  the 
joint  c,  so  that  the  lower  part  may  be  removed  and  cleaned 
should  the  small  tubes  become  clogged.  There  are  cheaper 
forms  of  showers,  some  being  similar  to  the  sprinkler  or 
rose  of  an  ordinary  watering  pot  fur  sprinkling  flowers, 
but  that  shown  in  Fig.  18  is  one  of  the  best. 

27.  The  common  sizes  of  showers  are,  in  diameter, 
SJ  inches  for  a  J-inch  supply  pipe,  lOi  inches  for  a  }-inch 
pipe,  H  inches  for  a  1-inch  pipe,  and  16  inches  for  a  li-inch 
pipe. 

28.  Stao^ver  and  Shampoo  Baths.  —  Fig.  19  shows  a 
shower  and  shampoo  combination  with  a  brass-tube  ring 
from  which  a  white  rubber  curtain  is  hung  by  means  of 
curtain  rings  and  hooks.  The  ring  a  is  perforated  at  the 
under  side  to  form  the  shower;  it  is  supplied  by  the  mixing 
pipe  b.  The  spray  nozzle  c  is  called  a  shampoo.  It  is  fed 
by  a  J-inch  rubber  tube  d  ixom  the  lower  end  of  the  mixing 
pipe.     The  shampoo  head  is  hung  on  the  key  of  the  cock 

63—34 
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that  supplies  it,  the  crosshead  of  the  cock  being  made  in 
the  form  of  a  U.  A  receptor  e  is  shown  instead  of  a  floor- 
slab  safe.  This  may 
be  made  of  porcelain 
or  enameled  cast  iron. 
The  bottom  is  slightly 
graded  down  to  the 
safe  waste  strainer  or 
grating-y  in  the  cen- 
ter. It  is  a  roll-rim 
fixture,  and  is  sup- 
ported, a  few  inches 
above  the  floor,  on 
four  legs.  It  may,  or 
may  not,  be  furnished 
with  a  standing  waste 
and  combination  sup- 
ply cocks. 

39.    Needle  Bath. 

A  combination  shower 
and  spray,  or  needle 
b  a  t  b ,  is  shown  in 
Fig.  20.  T  h  e  h  o  t  - 
water  pipe  is  shown 
at  a,  and  the  cold- 
water  pipe  at  b.  The 
tubes  c  are  perforated 
and  form  the  spray  or 
needle  bath.  The 
P'o- 1>  volume   of    the  spray 

from  all  these  pipes  is  controlled  by  the  valve  d.  The 
three  lower  pipes  c  are  supplied  direct  from  the  vertical 
pipe  or  standard  to  which  the  valve  d  is  attached.  The 
supply  to  the  upper  pipe  c'  passes  up  through  the  inside 
of  the  front  standards,  as  shown  by  the  arrows,  blind 
washers  being  inserted  at  the  two  unions  below  the  valve  y. 
The  volume  of  the  spray  from  the  shower  t  is  controlled  by 
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the  valve/.     The  temperature  of  the  spray  and  shower  is 
regulated  by  adjusting  the  flow  of  the  hot  and  cold  water 
through  the  supply 
valves  on  a  and  d. 
A  soap  holder  is 
shown  at  £. 

This  is  a  nice, 
simple  combination 
that  is  often  used  in 
private    residences. 

If  the  bathroom 
floor  is  tiled,  the 
combination  is  usu- 
ally set  on  a  marble 
safe,  as  shown.  If 
it  is  not  tiled  or 
otherwise  made 
water-tight,  a  re- 
ceptor is  commonly 
used  to  protect  the 
floor.  If  the  walls 
are  tiled,  the  cur- 
tain may  be  dis- 
pensed with  or  it 
may  be  used  simply 
for  privacy. 

30.  Com  bl  na- 
tion Shower  Batb.  "«■  •" 
A  combination  shower,  douche,  spray,  bidet,  and  liver-spray 
bath  is  shown  in  Fig.  31,  as  set  in  a  right-hand  corner,  a 
marble  slab  a  forming  a  partition  at  the  left.  This  is  a 
very  complete  and  efficient  appliance.  It  is  designed  chiefly 
for  use  in  Turkish  and  Russian  bathing  establishments  and 
hotels,  but  it  is,  nevertheless,  well  adapted  for  use  in  bath- 
rooms of  fine  residences. 

Five  different  forms  of  baths  can  be  had  from  this  fixture. 
By  opening  the  hot  and  cold  supply  valves  d  and  c,  a  mixture 
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of  hot  and  cold  water  at  the  desired  temperature  flows  into 
the  header  d  and   is   ready  to  flow  through  either  of  the 


pipes  f,  /,  g,  A,  and  i.     If  the  valve  on  i  is  open,  the  water 
in  (/will  flow  to  the  douchey,  from  which  it  will  fall  on  the 


D.qit.zeaOvGoOt^lc 


§20  BATHS   AND   URINALS  21 

bather,  who  stands  directly  under  it.  The  douche  throws  a 
full-bore  stream  that  is  not  broken  by  perforations.  If  the 
valve  on  f  is  open,  the  water  in  d  will  flow  to  the  shower  k, 
from  which  it  will  fall  on  the  bather  in  the  form  of  rain.  If 
the  valve  on  the  pipe  g  is  open,  the  water  in  d  will  flow  from 
the  spray  tubes  /,  /  against  the  sides,  back,  or  front  of  the 
bather.  These  tubes  are  perforated  with  numerous  small 
holes,  each  of  which  throws  a  stream  of  water  about  as  thick 
as  a  needle ;  hence  the  term  needle  bath,  which  is  often  used 
instead  of  spray  balk.  The  tubes  should  be  detachable,  so 
that  they  may  be  easily  imcoiipied  and  cleaned  out  should  the 
holes  become  clogged.  If  the  valve  on  the  pipe  /;  is 
open,  water  will  flow  from  d  to  the  liver  sprays,  or  rose 
sprays,  m,  m,  which  are  supplied  through  the  horizontal 
tube  //.  These  roses  throw  a  strong  spray  against  the  sides 
of  the  bather.  If  the  valve  on  the  pipe  (  is  open,  water  will 
flow  from  d  down  through  a  J-fnch  or  f-inch  tube  o  to 
a  bath  bidet/,  which  is  a  small  sprinkler  or  jet  that  ejects 
water  vertically  upwards.  When  it  is  desired  to  use  the 
bidet,  the  arm  q  is  swung  around  by  means  of  the  handle  r 
to  about  the  middle  of  the  safe.  It  swings  on  a  swivel  joint 
at  s.  A  floor  douche  is  similar  to  a  bidet,  but  throws  a  large 
stream  instead  of  spray. 

The  header  or  branch  manifold  (/is  secured  to  the  wall  at 
the  top  and  bottom  by  special  brass-flanged  caps  /,  t'. 
Check-valves  h,  u  are  placed  on  the  supply  pipes  to  prevent 
hot  water  from  entering  the  cold-water  pipes  and  cold  water 
from  entering  the  hot-water  pipes,  if  the  hot-supply  and  cold- 
supply  valves  are  open  and  all  the  other  valves  closed.  The 
valves  may  be  at  the  right,  as  shown,  or  at  the  left,  or  in 
any  convenient  place  to  suit  the  arrangement  desired  or  the 
shape  of  the  room. 

31.  Mixlnft  Chamber. — In  all  spray,  needle,  shower, 
or  rain  baths,  and  shampoos,  it  is  advisable  to  use  not  only 
a  mixing  pipe,  but  also  a  mi.\ing  chamber,  so  th.it  the  hot 
and  cold  water  will  become  thoroughly  mixed  before  it 
reaches  the  bather  and  thus  avoid  danger  of  scalding.     A 
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thermometer,  with  its  bulb  in  tlie  chamber,  should  be 
attached,  to  indicate  the  temperature  of  the  water  before  it 
is  ejected  against  the  bather. 

32.     A  mixing  chamber  in  combination  with  a  shower 
head   and   a  shampoo   is  shown   in   Fig.  22.     Cold   water 
entering  through  a  and  hot  water 
|Qh|  entering  through  d  are  admitted 

^^^v  to  the  chamber  c  in  small  jets  and 

fe^/  thoroughly   mixed   before  passing 

into  the  discharge  pipe  d,  the  top 
of  which  discharges  through  the 
shower  or  the  shampoo  attach- 
ment, as  desired.  A  thermome- 
ter e  has  its  bulb  extending  into  a 
circuit  or  current  of  mixing  water 
to  indicate  the  temperature  of  the 
mixture. 

33.     Multiple  Rain  Bath. 

Fig.  23  shows  a  simple  method  of 
connecting  up  multiple  rain  baths 
and  a  mixing  chamber,  such  as  is 
**" "  '        frequently  used  in  hospitals,  asy- 

lums, etc.  A  galvanized-iron  cylinder  a  is  used  for  a  mixing 
chamber.  Hot  and  cold  water  enter  this  chamber  through 
the  pipes  d  and  c.  The  pipe  rf  is  a  waste  pipe  through 
which  water  may  be  run  off  to  regulate  the  temperature  of 
the  water  before  it  is  allowed  to  go  to  rain  baths  e,  f,  etc. 
The  thermometer  is  located  at  /.  Each  rain  bath  is  sup- 
plied separately  from  a  header  £;  and  the  controlling 
valves  A  are  placed  within  reach  of  the  attendant.  The 
rain  baths  shown  can  be  made  to  discharge  at  any  angle 
desired,  because  they  work  on  a  swivel  with  ground  ball 
joints.  For  five  rain  baths,  as  shown,  a  convenient  size 
for  the  mixing  chamber  is  about  25  gallons,  or  5  gallons 
to  each  rain  bath.  The  height  of  a  shower,  or  rain,  bath 
is  7  feet  G  inches  from  the  iioor.     If  they  are  constructed 
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in  stalls,  i,  c,  with  partitions   between  them,  they  should 
be   about   3   feet   apart.      The    mixing    chamber   may   be 


drained    through   the   drain    pipe   t   that   is   connected    to 
the  waste  pipe  d. 


BATnitOOM  ARRANGEMENTS 


tTJTEODU<  rri  ON 

34.     Most   modern   bathrooms   are   provided   with  tiled 

floors  and  often,   also,  with  tiled   walls,  and  the  plumbing 

appliances  are  all  open  and  accessible  in  every  part,  thereby  ' 
insuring  not  only  practical  usefulness,  but  cleanliness, 
beauty,  and  convenience.  Tiled  walls,  porcelain  fixtures, 
nickel-plated  brass  pipes,  and  open  work  are  the  main  fea- 
tures of  strictly  modern  bathrooms  in  high-grade  work. 
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SMALL  BATHROOM  EQUIPMENT 

36.  The  arrangement  of  the  fixtures  in  a  bathroom  is  a 
very  important  subject  and  is  worthy  of  study.  Fig.  24 
shows  how  a  small  bathroom  can  be  equipped  with  a  cheap, 
yet  sanitary,  water  closet,  wash   basin,    and   bath.     It   is 


thoroughly  suited  for  buildings  that  cost  about  $3,500  or 
less.  The  water  closet  n  is  an  all-porcelain  front  outlet 
closet  of  the  washout  type.  The  tank  i  is  a  siphon  tank 
made  of  cherry,  ash,  or  oak,  and  is  lined  with  14- ounce  plain 
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copper.  The  supply  pipe  c  and  flush  pipe  d  are  made  of 
lead  or  nickel-plated  brass.  The  closet  is  operated  by  the 
chain  and  pull  e.  The  bath  f  may  be  either  steel  and 
copper-lined,  with  a  wooden  frame  on  top,  or  it  may  be  a 
second-quality  cast-iron  enameled  bath.  A  combination 
cock,  a  plug  and  socket,  and  an  overflow  attachment  are 
placed  at  the  foot  of  the  bath.  The  basin  g  is  oval  and  has 
a  patent  overflow,  plug  socket,  and  chain.  The  basin  cocks 
are  of  the  common  compression  class  and  have  crossheads. 
The  basin  trap,  waste  pipe,  its  vent  connection,  and  hot  and 
cold  supply  pipes  above  the  floor  may  be  lead  or  nickel- 
plated  brass.  The  basin  legs  are  simply  pieces  of  l-inch 
black  iron  pipe,  bronzed,  and  let  into  the  marble  basin  slab 
about  |-inch  on  top,  and  screwed  to  the  floor  with  flanges  at 
the  bottom.  This  bathroom  is  shown  equipped  with  two 
convenient  cases,  one  on  each  side  of  the  window,  at  such  a 
height  that  the  mirrors  that  form  the  doors  for  these  cases 
can  be  conveniently  used  while  shaving  or  for  other  toilet 
purposes.  A  chute  closed  by  the  cover  h  leads  to  the  laundry 
below;  soiled  wearing  apparel  is  thrown  into  this  chute. 

If  porcelain  goods  are  used  in  bathrooms  of  this  class, 
they  may  be  of  the  grade  known  as  C,  if  purchased  from  a 
flrst-ctass  supply  house;  otherwise,  they  should  be  of  class  B. 


MBDIUM-ORAnE   BATKROOM  BQITIPMBMT 

36.  The  equipment  of  a  bathroom  suitable  for  a  $10,000 
house  is  shown  in  Fig.  35.  The  bath  a  is  of  enameled  iron 
and  has  a  roll  rim.  It  is  painted  outside  and  furnished  with 
a  nickel-plated  combination  faucet  b,  overflow  and  waste,  a 
chain,  and  a  rubber  stopper  inside  (rubber  is  preferable  to 
brass  for  a  stopper,  as  it-does  not  chip  the  enamel).  The 
basin  c  is  all  porcelain  with  a  porcelain  back;  it  has  low- 
down  compression  faucets  d,  d,  with  name  plates  marked 
"Hot"  and  "Cold,"  and  an  adjustable  brass  l^-inch  half 
S  trap  e.  The  legs /"may  be  enameled  iron  or  nickel-plated 
brass.     A  good  size  for  this  basin  is  about  37  in.  x  %%  in. 
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The  water  closet  ^  is  of  the  siphon-jet  class,  with  quartered- 
oak  seat,  cover,  and  tank.  The  flush  pipe  /t  is  1^-inch 
nickel-ptated  brass.  The  floor  is  tiled  and  made  water- 
tight. The  walls  also  are  tiled  as  high  as  the  window  sill, 
a  molded  tile  cap  being  secured  on  top  and  a  molded  base 


at  the  bottom.  All  the  lavatory  flttings,  such  as  towel 
racks  /,  i.  sponge  holder  y,  and  paper  holder  i  are  nickel- 
plated  brass. 

In  bathrooms  of  this  class  the  porcelain  fixtures  may  be 
of  the  class  known  as  B  provided  they  are  purchased  from  a 
first -class  supply  house;  otherwise,  they  should  be  of  class  A. 
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HIOH-GBADE   BATHROOM    EQUIPMENT 

37.  A  high-dass  bathroom  futly  equipped  and  having 
the  fixtures  excellently  arranged  is  shown  in  Fig.  26.  An 
all-porcelain  bidet  a  with  flushing  rim  and  nickel-plated 
supply  and  waste  fittings  is  shown  at  the  extreme  right  of 
the  illustration,  And  a  porcelain  bathroom  seat  i  is  located 
under  the  window  at  the  extreme  left.  The  bath  ir  is  all 
porcelain  and  of  the  Roman  type.  It  is  set  out  from  the 
back  wall  a  few  inches  to  allow  space  for  the  supply  valves 
and  standing  waste  and  also  for  cleaning  purposes.  The 
water  closet  (/  at  the  right  of  the  bath  is  ornamental  and  of 
the  siphon-jet  type.  The  flushing  tank  e  is  enameled  white 
to  match  the  closet  seat,  or  it  may  be  of  porcelain  to  match 
the  closet  and  other  fixtures.  The  basin  /  located  at  the 
left  of  the  bath  is  of  the  latest  pattern ;  it  is  in  the  form 
of  a  pedestal,  being  independent  of  the  wall.  The  lavatory 
fittings  shown  are  composed  of  a  glass  towel  rack  g' 
24  inches  long,  a  porcelain  shelf  /i  with  brackets,  a  china 
vase  ('  serving  as  a  tooth-brush  holder,  a  cut-glass  tum- 
bler and  holdery;  a  china  soap  dish  and  holder  k,  a  comb- 
and-brush  rack  /,  a  sponge  rack  w,  a  rack  rt  for  soiled 
towels,  etc.,  a  glass  towel  rack  o  30  inches  long  at  the 
back  of  the  bath,  a  recess  paper  holder  /,  the  body  of  which 
is  let  into  the  wall,  and  a  soap  dish  g  for  the  bath.  The 
floor  is  tiled  and  should  be  water-tight.  The  walls  also  are 
tiled  to  a  height  of  about  5  feet.  The  bevel-edged  mirror  r 
with  white  enameled  frame  and  the  two  gas  or  electric 
lights  s,  s  over  the  basin  are  conveniences  that  should  not 
be  omitted. 

In  bathrooms  of  this  class  all  the  porcelain  goods  should 
be  of  the  finest  grade,  known  to  the  trade  as  A,  particular 
care  being  taken  to  purchase  from  a  reliable  supply  house  in 
America.  There  is  no  need  of  sending  to  Great  Britain, 
Germany,  France,  or  any  other  foreign  country  tor  fine 
plumbing  fixtures,  because  the  American  goods  are  the 
finest.  They  are  even  shipped  to,  and  installed  in,  the 
homes  of  foreign  nobility. 
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UKINAIi  STAIil^ 

CONSTRUCTION 

38.  Purpoee.  —  Urinals  form  a  class  of  plumbing 
fixtures  that  is  used  extensively  at  places  where  men 
congregate,  such  as  hotels,  office  buildings,  railroad  sta- 
tions, etc.  They  are  seldom  used  in  private  residences, 
for  the  modern  closet  with  a  hinged  seat  is  a  substitute 
for  a  urinal. 

39.  In  public  places,  where  urinals  are  liable  to  receive 
improper  usage,  it  is  customary  to  construct  simple  urinal 
stalls  of  slate,  porcelain,  or  marble,  providing  each  stall  with 
means  for  being  flushed  down  from  the  top,  and  with  a 
drain  at  the  bottom  to  remove  the  flushing  water  and 
urine. 

40.  Flat-eiab  Urinal  Stalls. — Fig.  37  shows  a  common 
cheap  set  of  flat-slab  urinal  stalls.  The  floor  slab,  or 
safe,  a  is  one  piece  from  end  to  end.  It  should  be  thick 
enough  (3  or  4  inches,  according  to  its  length)  to  allow  a 
gutter  b  to  be  cut  the  full  length.  At  the  lowest  point  of 
this  gutter,  a  brass  strainer  connection  allows  the  waste 
water  to  flow  through  a  4-inch  trap  and  waste  pipe  to  the 
sewer,  a  screw-cap  being  placed  at  c  for  access  to  the  waste 
pipe,  should  it  become  choked.  A  J-inch  brass  perforated 
pipe  rf  is  used  to  flush  the  backs  of  the  stalls.  A  stop-cock  or 
valve  is  placed  at  e  to  control  the  supply  of  water  to  the 
stalls.  The  janitor  in  charge  should  have  a  key  in  his 
possession  for  operating  this  valve. 
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This  arrangement  not  only  wastes  too  much  water,  but 
also  is  not  a  sanitary  fixture,  because  the  corners  become 
foul  and  the  joints  are  liable  to  leak  and  saturate  the  build- 
ing with  a  weak  solution  of  urine.  The  slab  a  also  becomes 
foul  and  is  not  cleansed  by  the  flushing. 

41.  D-Shaped  Porcelain  Urinal  Stalls. — Fig.  28  shows 
in  perspective,  and  Pig.  29  in  section,  a  D-shaped  porcelain 
urinal  stall.  The  sides,  back,  and  bottom,  or  sill,  of  each 
stall  are  molded  in  one  piece.  The  sill  is  dished  out,  and 
forms  an  excellent  receptor, 
permitting  thorough  flushing. 
Bach  stall  has  a  separate 
waste  connection  a  and  a  sep- 
arate flushing  inlet  b.  Each 
stall  may  also  be  trapped  se()- 
arately,  the  trap  being  located 
directly  under  the  floor 
strainers.  If  it  is  convenient 
to  local  vent  the  stalls,  one 
trap  may  be  used  for  all  the 
stalls,  and  the  local-vent  pipe 
may  connect  to  the  highest 
end  of  the  untrapped  waste- 
pipe  line  under  the  stalls. 
This  ventilates  each  stall  from 
the  floor.  The  flushing  inlet 
shown  at  b  is  of  the  fan  type. 

It  spreads  the  water  over  the  ' 

urinal  surface,  and  is  superior 
to  the  perforated  pipe  attach- 
ment shown  in  Pig,  27,  be- 
cause  the  perforations  m   the 

latter  frequently  become  choked,  which  spoils  the  distribution 
of  the  water.  The  fans  are  made  adjustable,  so  that  they 
can  be  regulated  to  suit  the  pressure  and  volume  of  water 
required.  This  style  of  urinal  stall  is  to  be  recommended  for 
public  use  where  a  constant  flush  of  water  can  be  obtained. 
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INDIVIDTJAL   UBENAia 

ITBINALS  WITH  SEPARATE  TRAPS 

43.  Construction. —  Individual  urinals  are  made  of 
porcelain  and  are  provided  with  at  least  two  openings,  one 
being  the  flushing  inlet  and  the  other  the  discharge.  The 
best  class  have  perforated  flushing  rims  and  overflow  open- 
ings inside.  Urinals  that  are  fastened  against  the  side  of 
the  room  are  known  as  flat  urinals,  while  those  placed  in 
a  corner  are  spoken  of  as  corner  urinals. 

43.     Pig.   30  shows  a   plain   flat   urinal,  with  a  flush 

supply  horn  a,  a  waste  horn  b,  a  flushing  rim  c,  an  overflow  d, 
and  lugs  e,  e,  by  which  the  urinal  is  secured  to  the  wall  with 
screws  or  expansion  bolts. 


44.  A  flat  lipped  urinal  is  shown  in  Pig.  81.  It  is 
substantially  the  same  as  the  plain  urinal,  excepting  that  a 
lip  a  is  provided.  This  is  the  best  form  of  urinal,  because 
the  lip  protects  the  floor. 

45,  Urinal  Connections.  —  Fig.  32  shows  a  compres- 
sion urinal  valve  that  may  be  attached  at  a  in  Fig.  30  to 
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give  the  urinal  a  continuous  flushing  from  the  cold-water 
supply  pipe  in  the  building.     A  locknut  a  on  being  screwed 

up  tight  makes  a  rigid  connection  to 

the  marble  slab  b. 

46.  Where  urinals  are  flushed 
from  an  overhead 
flushing  tank,  a 
much  simpler  form 
of  urinal  inlet  con- 
nection than  that 
shown  in  Pig.  32 
can  be  employed. 
Such  a  connection 
is  shown  in  Fig.  33, 
Pio.w  a"*^    '5   seen   to   be  p,^  „ 

similar   to  the   one 
shown    in    Fig.    32,    except    that    the    valve    is    omitted. 

47.  A  urinal  trap  connection  is  shown  in  Fig,  34.     The 
horn  a  of 'a  cast-brass  trap  b  is  slipped  over  the  outlet  horn 
of  the  urinal,  and  is  made  water- 
tight with  a  red-lead  joint.     A 

brass  T  piece  c,  the  lower  open- 
ing of  which  joins  the  waste 
pipe,  and  the  upper  opening 
joins  the  vent  pipe,  ts  secured 
by  locknuts  to  the  marble  slab  d. 
A  slip  joint  with  a  rubber  gas- 
ket is  made  at  e,  which  allows 
the  trap  to  be  adjusted   to  suit  Fio.  84 

the  urinal.  A  better  connection,  however,  is  that  in  which 
the  trap  is  secured  to  the  T  piece  and  a  metal-to-metal 
joint  obtained. 

48.  If  the  trap  can  be  set  behind  the  wall  or  slab  against 
which  the  urinal  is  set,  the  waste  coimections  may  be  made 
as  shown  in  Fig.  35.     This  shows  a  bend  a  under  the  urinal, 
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a  clean-out  screw-cap  being  located  at  b  for  cle&ning  out 
purposes.  A  lead  trap  c  is  shown  wiped  to  the  bottom  of 
theT  piece;  a  local-vent 
pipe  is  wiped  to  the 
upper  opening.  This 
makes  a  good  connec- 
tion if  the  draft  of  the 
local  vent  can  be  relied 


49.   Adrantaf^res.-^It 

has  been  found  by  prac- 
tical experience  that  no 
brass  work  of  any  de- 
scription  should  be 
exposed  near  a  urinal, 
because  it  soon  becomes 
•'"'■*'>  coated  with  verdigris 

and  cannot  be  kept  clean  and  bright.  The  nickel-plated 
brass  waste  connections  so  often  used  in  connection  with 
common  urinals  soon  become  corroded,  green,  and  unsightly. 
To  avoid  .this  trouble,  a  special  urinal  with  porcelain  trap 
may  be  used. 

50.  Poreelafn  Trap  Urinal. — An  objection  to  common 
urinals  that  are  provided  with  a  trap  under  them,  and  which 
are  dry  between  flushings,  is  that  the  interior  surface  of  the 
urinal  and  the  space  between  the  urinal  and  the  trap  seal 
becomes  foul  and  emits  disagreeable  odors.  In  the  best 
urinals  this  fouling  surface  is  reduced  to  a  minimum. 
Fig.  36  shows  such  a  urinal.  It  has  a  porcelain  trap  a  com- 
bined in  one  piece  with  the  bowl,  and  is  arranged  to  be 
connected  without  any  metal  parts  being  exposed.  The 
section  b  of  the  trap  on  the  sewer  side  of  the  waste  seal  is 
made  of  brass ;  it  is  encased  by  the  earthenware  and  screwed 
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into  a  special  brass  waste-pipe  T  fitting  c.  This  section 
forms  the  inlet  to  the  waste  pipe  and  is  provided  with  a 
flange  and  bolts  for  making  a  perfect  junction  with  the 
porcelain.  The  joint  between  the  brass  connection  and  the 
earthenware  being  submerged,  or  below  the  water-line,  is 
gas-tight.  This  is  equivalent  in  security  to  an  all-metal 
trap,  and  has  the  additional  cleanliness  of  a  porcelain  one. 
A  neat  little  drip  is  attached  under  the  lip  of  this  urinal 
at  (/,  which  prevents  drops  of  urine  from  trickling  along 
the   under   side  of    the   urinal   and   fouling   that   surface. 


61.  81phon-Jet  TTrlnals. — To  reduce  the  urinal  fouling 
surface  to  a  minimum,  and  to  insure  the  urinal  being  partly 
filled  with  water  at  all   limes,  a  »lplion-jet  urinal  shown 

in  Fig.  37  may  be  used.  It  is  constructed  on  the  siphon- 
jet  princii)le,  and  porcelain  only  is  exposed  to  view.  The 
urinal  priiper  contains  a  body  of  water  about  tt  inches  long 
by  8  inches  wide. 
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This  urinal  is  furnished  with  a  flushing;  tank  and  operates 
in  a  manner  similar  to  that  of  an  ordinary  siphon-jet  water 
closet.  When  the  tank  is  discharged,  part  of  the  water 
cleanses  the  interior  of  the  urinal,  the  other  part  being 
diverted  to  the  jet  that  starts  the  siphon  and  ejects  the 
contents  of  the  urinal.  The  joint  between  the  brass  and 
porcelain  is  under  water  and,  of  course,  is  quite  safe. 


VENTILATED  URTNALS 

53.  A  ventilated  urinal  that  is  especially  valuable  in 
places  where  it  is  necessary  to  positively  ventilate  the  urinal 
and  the  floor  under  the 
urinal,  which  incidentally 
means  the  ventilation  of 
the  entire  toilet  room,  is 
shown  in  Fig.  38.  A 
large  vent  pipe  a  is  con- 
tinued to,  and  above,  the 
roof.  If  it  cannot  be 
run  in  a  hot  place,  to 
insure  a  strong  draft,  it 
is  necessary  to  place  a 
fan  in  the  vent  pipe  to 
constantly  draw  in  air 
through  the  openings  d 
and  c.  The  inside  of  the 
pipe  a  is  likely  to  be- 
come coated  with  a  foul- 
smelling  slime,  and  if 
the  ventilation  is  not  per- 
fect, the  odor  will  escape 
into  the  toilet  room 
through  d  and  c.  The 
'"■  *  lower  opening  ^  is  espe- 

cially valuable  for  removing  wash  water  while  the  floor  is 
being  washed. 
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Sometimes  men  throw  cigar  stumps  into  urinals,  which 
choke  the  ordinary  forms.  The  urinal  shown  in  Fig.  38 
cannot  be  choked  very  easily,  because  the  outlet  c  is 
straight  and  the  drainage  pipe  large. 


TII.Tnf«-TANK  URINALS 
53.  A  low-down  tllting-tatik  iLrlnal  IS  shown  in 
Fig.  39.  A  porcelain  exten- 
sion box  a  is  molded  on  top 
of  the  urinal.  In  this  box  is 
located  a  tilting  tank  b  that 
is  supplied  by  a  small  stream 
of  water  from  a  stop-cock  <r, 
serving  to  check  the  stream 
down  to  the  desired  size. 
The  tilting  tank  automatically 
flushes  the  urinal  through  a 
flushing  rim  and  perforations 
in  the  bottom  of  the  exten- 
sion box.  A  loose  cover  d 
can  be  removed  for  access 
to  the  tank.  This  form  of 
urinal  is  adapted  for  loca- 
tions under  windows,  etc., 
where  it  is  impossible  to 
place  an  overhead  flushing 
tank.     They  are  seldom   used. 


TREADLE   URINALa 

54.  If  water  is  so  scarce  that  a  continuous  flush  cannot 
be  permitted,  a  treadle  urinal  having  an  automatic 
arrangement  similar  to  that  shown  in  Fig.  40  may  be  used. 
The  supply  valve  rt  is  of  the  self-closing  type,  and  the  valve 
stem  projects  upwards  against  a  hinged  platform  or  treadle  b. 


D.qit.zeaOvGoOt^lc 


88  BATHS   AND   URINALS  §20 

To  use  the  urinal,  a  person  must  stand  on  the  treadle,  which 
yields  sufficiently  under  his  weiglit  to  ojien  the  valve.  The 
water  flows  as  long  as  the  treadle  is  depressed,  and  ceases 
as  soon  as  the  weight  is  removed  from  it.  A  small  part  of 
the  water  is  used  to  flush  the  treadle  box  and  remove  the 
drippings  that  may  fall  into  it.  The  waste  pipes  c  and  d 
and  the  trap  e  should  be  not  less  than  1^  inches  in  diameter. 


The  waste  and  trap  from  the  treadle  box  should  be  at  least 
1^  inches  in  diameter.  The  waste  pipe  from  the  treadle  box 
should  be  vented  by  a  1^-inch  or  IJ-inch  pipe/",  which  should 
join  the  principal  vent  pipe  g.  The  diameter  of  ^  should  be 
not  less  than  1 J  inches.  The  local  vent  or  ventilating  pipe  h 
should  be  2  inches  in  diameter,  and  care  must  be  taken  to 
get  a  good  draft  of  air  through  it.  The  stop-cock  i  is  used 
to  shut  off  the  water  supply. 
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55.  Attachments  that  open  the  supply  valve  and  allow 
the  water  to  run  are  sometimes  fastened  to  the  door  of  the 
stall  in  which  the  urinal  is  enclosed,  so  that  a  given  quantity 
of  water  will  be  discharged  into  the  urinal  every  time  the 
door  is  opened.  Consequently,  the  urinal  will  be  flushed 
before  and  after  use.  The  door  is  closed  by  a  spring  or 
weight.  ' 


FOLDING  TTBINALS 

56<  Folding  nrlnals  made  of  iron  or  porcelain,  opera- 
ting in  a  manner  similar  to  a  folding  wash  basin,  are  some- 
times used.  They  are  flushed  by  a  cock  being  opened  with 
the  cover  of  the  urinal.  The  cock  is  shut  when  the  cover  is 
raised  and  closed.  This  apparatus  is  usually  set  in  a  recfss 
of  the  wall,  and  is  provided  with  a  local-vent  pipe,  as  it  is 
often  fitted  up  in  rooms  where  the  least  smell  would  be 
disagreeable,  such  as  doctors'  offices. 
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WasblDeanddrinklne-  .  1 

Plamea.  Lomlnoslly  of  sas  ....  I 

Plange  joints ] 

■        WlplDB 1 

Pluwed  DDloni 1 

Plat  bead  seam.  Soldetinc  a    .  ,   .  1 

"     bottom  copper  pantry  sink  .  .  I 

"    rim  sink,  Plain I 

"     slab  nrinal  itall* i 

"    ntlnals i 

Fletcher  Immers I 

1 

FllckerinE  llsbU I 

FtoBted  seams 1 

Floor  cblsel 1 

Flow  oleas,  Laws  eovemlns  ,  .   .  I 

'     Heasurini  velocity 

o( ,   .   ,   ,■ 1 

ReenlatinE 1 

Flnsli  conneclioai 1 

Flusblne-rim  slop  sink.  Porcelain  I 

Fluies I 

Foldlae  arinals I 

Follower! 1 

Foot-batbs S 

Form  of  rims .  .  .  ! 

Formlne  comers I 

Formnla  lor  numtwr  of  baroers 

required l 

Fountains 1 

Frame  support 1 

Freneb  pattern  batblub i 

Frost.  Acetylene  machines  ei- 

posed  to 1 

bursts.  RepBlrine 1 

Precautions  aEainst  ....  I 

Puller  cock     ] 

Fulminates 1 

PuslDe  points 1 


XIII 
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Ivaoiied,  black,  nod  RksbU 

S.Archer 

burner.  Self-Usht IDE 

Bv-producli  o[  a 

Condtepowerol  a 

Coal 

cock 

CombnilloD  of 

Composition  of  coal 

Dooieitlc  uies  ol 

cDEine  use.  Acetylene  lot   .  . 

EoricbioB 

fitters'  plans 

aiturei 

■■        Detail*  of 

Locatlne 

flames.  Luminosity  ol  .  .  .  . 

Gasoline 

Generation  of  producer   .  .   . 

eeneralor.  Tbe 

eovernor  

beaters,  House-warralng  ,  . 
healing 

appliances.  Miicella- 

holder  or  storage  lank.   .  .  . 

Kinds  of 

lamp.  Incandcseeul 

liffht  mantels 

llehtlns 

■■       bnmers 

trouble  and  remedies 
lOB 

makine 

McHSurios  volume  of    .... 

OH 

Olefiant 

pipefiKings 

"    Capacity  of 

"    Standard  casl-lron    .  .  . 


pipe,  Tesllng  .  ,  . 


per  fool  ol  rise 


uges    . 


Reeulatlne  Sow  of 1 

Semlwater I 

Specific  gravity  and  odor  of 

Standard  volnme  of 1 

stoves I 

supply  and  diatrlbntloa    .  .   .  1 

.   .   .  1 

through  pipes.  Plow  ol    ...  I 


Use 


OaBollne,  Effect  ol  poor  . 


elmelal U 


Overheating  In  s 
Ratio  of  lights  to 


Volumetric    IS 
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H«cli  saw 

Harf-and-half  solder 

"    loot  burner* 

"    roaad  nose  ctaliel    .... 

HBiamerB 

Hand  reamers 

Hud  solder 

"    solderloc 

Halcbetbll 

Heat  Eeneraled  bv  acetylene  , 
Heater.  Kitchen -boiler  .... 
Healers.  Open-fireplace .... 

Heallns  appllaocea 

■■       Gaa 

Heel-rest  beods 

Holder.  Apron 

Nipple 

"       brass  pipes 

Holding  common  sink  bibb  ,   . 
pipes  wbile  wiping  .   . 

Hotel.  BcU     

Holoptaane  slobes 

Hopper  sink.  Slop 

Hoiiiontal  branch  joint.  Wipintr  a   1 
joints.  CalldDE     .  . 

lapjoint 

Hotplates 

Hoiis«-»armliM[  eas  bealers    . 

Illumination.  ArllAclai  .... 
Imparities  in  calcium  carbide  . 

Imparity  of  water  eas I 

Incandeicent  burners 1 

1 

easlamp I 

Inerease  la  eaa  preisuie  per  loot 

ofri«B I 

Indivldnal  nrlnala i 

Insertable  soil-pipe  joint     .....  1 
nitallatloD    and    construction    of 

"  "  laandry  tabs    .  . 

Installations,  Lavatory 

Initalllnc  the  piping 

Instantanconswalcrheaters  .  . 
■■  Close 
'■       Ope 

Instruments.  Liebt  measorlntr  . 


Jolnl.  BnmlnEBT 

"     Cslkine  horiiontal  . 


Insertable  Boilpipo  . 

Slip 

Solderlne  an  overcasi 


Wipinf  a  concealed  . 

■'     aTYbrnntli 
"     "  vertical  bran 
■'      Examples  of 


'■      Buminc 

Calklne  Inverted 

'■        vertical 

Circular  butt 

Defective  calked 

fn  vertical  pipes.  ButninE   . 
Kinds  of  braied 

Length    of    underhand 

Locked  double-scam  .... 

lo  earthenware  pipe 

Wiping  branch 

■■      nprigbt 
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Keyci 


I.  TInn 


Kinds  of  brazed  joiots    . 
cams  and  joioti 


King  g 


Lieht.  Dispersion  of . 


"      Weisbacli . 

Wenbam   . 

La  nipt.  Acetylene 


LinlnK.  Block-tlD 
lank!  . 
■■  will 
Lipped  nrlaal 
LocaiEntreas  fiii' 
Lock  double-seai 
Locked  leama . 
Loir.  Gas  ,  ,  .  . 


Macbine.  Gasollne-Kaa  . 
Hachines,  Waler«as  .  . 
Main  bass 


Lav  IDE  ant  ea: 
Lead  burnlna 


"    idpes.  Supponhie u 

'■      Welgbtsof 15 

"     Red   ...      16 

■■     loblnB IS 

"     wasle  pipe,  WelKhtB  of  . 

■■     While 

■■     work 

■.cadine  threads 


Material  and  sizes  of  pipes    .   .  . 

Materials  and  sl»s  of  basins  .  . 

'■   tools,  PlumblnK  . 

for  acetrlene  Eeneratoi 


i(  underbHtid  wiped  joints 


I.  TaklDtr IS 
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MeltfnKpolnlE  of  metals 16 

Metal-lined  balbtnUa     10 

Melals.  PrecButioD  la  tlanlne  .  .  .  1« 

Sheet 15 

Meters.  Accaracy  or  £as IS 

Acetylene 12 

'■       Connections  to IB 

Gas 18 

Readlneeas IS 

■■       Siieofgas 13 

TesthiE  Eas IS 

Helhods  ol  prodDcluK  liebl  ....  11 

Mliina  chamber 20 

■■       device 12 

Modem  plum  bine 10 

Moldlnss     18 

Monkeywnncb   ' IE 

Multiple  rain  bsib 2D 

N 

Napbtha.  Cnide II 

Natural  ffaa 12 

Needle  balb 20 

■'      boraer 12 

Nipple  ehuclt 18 

bolder 18 

Nipples.  TlnnlPR  loWer 16 

Nomenclature  of  eas  fixtures  ...  14 

O 

Oakom IS 

Odor  ol  coal  cas .12 

OIL  and  coal  reqalr«d  (or  water  ESS  12 

■■gas ,  12 

"     "    plant 12 

Oleflantsas 12 

Open- HrepI  ace  beatera 14 

Operation  ol  acetylene  mnchines  .  12 

Oval  and  rounil  nash  hasins    ...  19 

Oven  burner II 

Overcast  joints    . IB 

Ovorflo«  acetylene  Eenerntors    .   .  12 
and    Hand-pipe    WBNte 

combined  ....  19 

•■     Standpipc  .  M 

Combined  bowl  an.l ...  19 


EX 

OverteatlnE  In  the  acelyleoe  jren- 

Sa. 

.   U 
14 

14 

14 

IS 
16 
IS 

15 

.   20 
15 

18 

16 

15 
15 

IS 

1! 

13 

XVll 
Part 

P 

IS 

Patent  roUer  tinning  proceia    .  .  . 

12 

Perfection  burner , 

Photometers 

5« 

49 
46 

■■      "E-hls 

Pipe  bender 

■■     Bendine  brass  and  copper.  . 

"    Composition 

22 

2e 

■■     Dimensions  of  wronght-lron  , 
"    ends.  Ream ioE 

28 

■■        ■■      """»  '"» 

29 

■■     Pure  block-Un 

"    Threading  brass  and  copper  . 

3.1 
20 

"       ■■    lined 

27 

■■     Wrought-iron 

27 

■■     and  fittings.  Gas 

■■      Brass  and  copper 

■■     Capacity  ol  gas 

29 
46 

"      DislributlnE 

I 

■■      Exposed     ,...'. 

■■      Holding  brass 

'■     Service 

'■      Siae  oi 
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Kctort  cwbon 1 

Ri(At-b>Dd  comer  slab 1 

Rims.  Form  of 2 

RIns  fadiner 1 

Riaert    1 

Rlslns-let  fooDlaiDi 1 

Rivet  bnrra L 

Rireli 1 

RoU  rim 3 

"     '■   batb.  PoTcelabi a 

"   eDamelvd  kltchMi  (tnki  .  1' 

■lop  link  .  .  .  t 

Roman  pattern  balbtdb 3 

KooSde  tin 1 

RouDdale  cement ]i 

Rolin  dlih 1 

Round  and  oval  waab  bB«tD>  .  ■  .  l 

"      bowlwithoveiflowhorD.  .  1' 
"      corner  Blab  with  two 

backi     1 

Rubber  sag  plpei £ 

Rulelo  determine  number  of  btuit- 

en  required 1' 

"  find  Kandard  volnme  ol 

Kai 11 

Rolei  lor  tbe  Bow  of  sas  thronsb 

pipe 1! 

Rnmford  pbolomelerB 1' 

KoBsIa  Iron II 

S 

Safely  blow-oB l: 

"      bnineTa     ..........  1' 

"      valvei IJ 

Salt«laced  sink* I! 

Sandbendine 1' 

Saw.  Hack 11 

■      Hand 11 

Screwdriver 11 

Screwing  on  fitllnss L 

op  Gltlnes II 

Seam.  Butt V 

Soldering  a  circular  twad  .  li 

"  llal  bead   .  .  .  li 

lock V 

Seamiest-drawn  tubtoE H 

and  jolnla Ii 

BnmlnB    .  .  .  .  1 

"     Solderiuff  Tenfcal li 

"      Wiplne  tbe 1' 

Seal  or  sitx'batbs 3 

Selectloe  an  acetrlene  macUne  ,  ,  1' 


Self-closluK  compreMloD  cocks . 
Self-llKhtlne  EU  bumera    .  .   .  . 

Semlwaler  gaa     

Service  cleaner 


Sbades     14 

Sbampoo  batbs 20 

Sbave  hook IS 


Iron  and  ited . 


Laylueoultbe.  .  .  .  .  1 

PreparlnE  tbe 1 

Worklns;      1 

r(al.  Standard  Eanse  for  1 


Sblelde      

Sbowerbalh,  Comblnatloti  . 

SldelichU 


bibb.  Holding  a  common    .  .  1 

conpltPE I 

Enameled-lron  ilop 1 

Plat-bottomed  copper  pantry  1 

LoDe-lrooEb  wash i 


Porcelain  flushlnK-rim  slop  . 
Recessed  standing  waste   .  . 


Bartttenware   . 
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sinks,  Gla 

porcelain  pantry  -  ,   .  .  , 

■■      Ktlchen 

"      Porcelain  slop 

"  RoLl-ilm  enameled  kitchen  . 

"     Salt-alaied 

'■     Slale 

"  Soapitone  and  cement  .  .  . 

"     Solid  porcelain 

•■     Wash 

"      Wooden 

Siphon  gaaa« 

Size  of  gat  meters 

"     "  pipe     

"     "  tapplnes  for  main  bag-E  .  . 

Sizes  and  material!  of  basins  .  .  . 

pipes    .  . 

"    HelelitB  of  sheet  copper 
■■     of  sheet  copper 

Skin  lolderine 

Slab.  Left-tiand  comer 

"     RlEhl-haad  corner 

"     Sink 

"     wllh  slnEle  back 

"    twobacks.Roond-coniei 

Slabs,  Marble  bailn 

Slate  and  soapstone  laondry  tubs 

■'    sinki 

Sleeve.  Split 

sup  toint 

Slit  burner 

Slap  hopper  link 

Soapslono  and  cement  sinks    .  .  , 

"    Elate  lasDdrr  tnbs 

Soft  sheet  copper 

seams  and  jolnCi 

Soil  cooneclions 

■■      Double-hob 

■■     fltlinEs 

"     joint.  In sbH able     .  .  .  . 
■■    pipes.  Cast-iron 


Sar.  Ave 

Son.  Plnmbeta' 15  21 

Soillne IS  0 

Solder 16  M 

"      dots     n  19 

"      Hall-aod-balf 15  15 

16  2 

•'      Hard 16  21 

"      Hakine  soft 15  16 

riipplei  -  -  - 15  ?0 

Tinninj; 16  6 

"      pot 15  71 

■■      Strap IS  IS 

Soldering  a  circular  bead  seam  .  .    16  14 

"  Hat  bead  seam   ....   is  11 

"  lock  seam 16  ID 

an  overcast  loin  t  ....    16  16 

and  olplne IS  l 

bit IS  n 

Blowpipe 16  19 

Boxes 15  19 

Skin 16  11 

Soft 16  1 

vertical  seams 16  11 

Solid  bathtubs 2>  9 

"      flame  bnmer 11  IW 

•'      Joint 16  U 

"     porcelain  sinks 1>  13 

Spacing  for  lacks 18  24 

Special  fittlnss 15  46 

forms  of  bathlnbs -20  11 

SpeclBc  ETBvItT  and  odor  of  coal 

Speller 16  Zt . 

Spiral  anger 15  B7 

Spirit  level 15  7T 

Splaying 16  n 

Split  dies 15  B4 

Spray  acelvlcneKeneraton  .  ...    11  20 

Spring.  Bending  witb  colled.  ...    17  30 

Spud  and  coupling     IS  (S 

■■      Tinning 16  « 

Stalls.  Urinal 20  29 

Stand-pipe  waste  and  overflow  .  .   30  6 

and  overflow 

combined  ...   19  41 

Standard  candle 12  4 

cast-lrnn  gas  pipe  ....   13  I 

pipe IB  n 

"         gauge    lor   sheet    metal   15  10 

volume  of  gas IS  Zl 

Standing  overflow 19  >i 

Steel  and  iron.  Sheet    . 
"    cladbathtnlM   .  . 
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Slocks  BBd  dies 

Slonework.  FastenlDC  devices  for 
SIop-aad-WBBte  cock 


StraJEbt  joints  .  . 
StnlehtenlnB  lead 


Street  lamps.  Acetylene . 
Siukdriei.  cocki  Bod  valvei 
Sappllea  and  tools.  BiaEib 

Phimbecs'   .  .  . 
Snpplr  aod  dlstrlbntlao.  I. 


Batb  and  v 


Snpport.  Frame  .  .  .  . 
Supportlns  Iron  and  b 

Snpports.  Pipe 

Swine  check-valve  .  .  . 


if  brass  and  copper  tnbe 

*  candlepower  of  burner 
'   capacity  ol  gas  pipes  . 

'  cast-Iron  kitchen  sink 
-   dimensions  of  caal-lroi 

sinks 

'  dimensions  ol  cemen 

tabs 

'   dimensions  of  coppe 

pantry  sinks    .... 

*  dimensions  of  porcelain 

links 

■lop  sinks 

'  dlmenslona  ol  slate  I 
■   dimensions  of  wroui 

iron  pipe    ,   .   .   ,   , 

*  eradualions   ol    Bur 

photoroeler  bar .  , 
'    iDcreaie  in  Eas  presi 


zxl 

Sec 

nrt 

of  leuEtb  of  nDderband 

wiped  Joints     IS 

w 

"    melllae  points  of  metals    IB 

■JO 

■■  poi*  block-tin  pipe   ...   15 

w 

v< 

"   slieoflappincsformBln 

"    sites  and  weights  of 

sheet  copper 15 

sheet  sine 16 

"    Uses  of  wiping  cloths  ,   .    IB 
■■   soldfrii.gaa.es IS 

■■    spacioa  tor  lacks  .   .  .  .   « 

pipe 18 

■■    slandardEaugeforsbeet 

■■   Slock  siies  ol  sbeet 

■■   weights  of  lead  pipes  .  .    IS 
■■    weights  of  lead  waste 

Taking:  measurements IS 

Tappinss  [or  main  hags l.t 

Te 
Te 

cscopic  or  eilenslon  chandelier   14 
Ta-cotta  pipes K 

ting  gas  meters 13 

■        *°"  ""•'" « 

Thread,  RrlEES'  slandard  screw    .    18 
Thrcadine  brass  and  copper  Pipe.    IS 

tor  wroueht-iron  pipe  .  .    IS 

Tl] 
Til 

pipes.  Vitrified 16 

ne-tank  urinals 20 

Tin 

nine                                                   IS 

a  bent  conpUng 
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Tbinlnc  ■  copper  Ml 

bnaa  fertnlei 

"       compraislaii  cocks    ,  .  . 

Dip 

"  sronnil-kev  cock*  .... 
"        melalB.  Precantloas  In  .  . 

proceas.  Patent  roller  .  . 

"        solder  nipples 

Tip 

"     and  material*.  PlnmblnE  .  . 
"    aiipplici.  Brazliis    .  .  . 

Trap,  Back-water 

"      screw.  Wlplne  una 

Traps.  Urinals  with  separate  ... 
Trays.  Laundry 

Trenches  and  drip  pot 

Triple  bead  moldlni 

Troubles  and  remedies.  Gas-llKht- 

Trylng  the  corners  of  tanks  .  .  .  . 
Tab  conuecttOD.  Copper-lined  .  .  . 

Tabe.  Hlot's 

Tubes.  Brass  and  copper 

TablUB.  Brased 

Lead 

Seamless-drawn 

Tubs.  Dimensions  ol  cement  .  .  . 
■■  slate    .... 

■■      Wash 

TV  branch  joint.  Wlplne  a  .... 
Types  o(  acetylene  generalors  .  . 

"   lever-bandle  Eronnd-kev 


Underhand  Joint.  Wlplne  an    . 


Urinal,  SlpboD-let 90 


and  batba W 

Folding 30 

with  combined  trap  ...  20 

separate  traps  .  .  .  SO 


Vacmm  valves   .  . 

Valve.  Back-water . 

■■      Globe.  .  .  . 


Safely IS 


VaporlilnK  burner I 

Velocity  of  flowofeas.UeagDrlns  l: 

Ventilated  urinals 2 

Vertical  branch  joint.  Wlplns  a  .  .  1< 

joints.  Calkinc J. 

■■        lap-joinl 1 

pipes.  Bumine  joints  In  .  I 

seams,  Solderioc 1' 

VltrlSed  tne  pipes I 

Volume  of  sas.  Ueasdrinc   ....  I 

Volametrlc  Eovereors 1 

reculatlon  system    .  .  1 
rernlalors.   Constmc- 


Wash  basin*    . 


Washlneand  drinklne  flilnrc*  . 

Waste  and  overflow.  Stand-pipe  . 

combination  and  batb  sup 


Unit 


,-jet  bi 


wiped  joints,  Lenelb  ol 


Unions 

UpriBhl  joints 18 

Upstands.  Making; IT 

Urinal  connections V> 

Lipped 10 

"     Porcelain  trap ZO 


Combined 1 

Waster.  Tin-plate I 

Water-  and  Eas-pipe  fittinBl .  .  .  .   1 


D.qit.zeaOvGopt^lc 


Water  bbi,  CoiJ  uid  oD  reQuiced 

"  "      Open  InslanMineons  1 

Webrbt*  and  liiei  of  ibeet  copper  l 

cIdc     .    I 

ol  lead  pipei 1 

w«»lep[pe  ....   I 

WeUbacta  lamp 1 

Wenham  lamp 1 

Wei  meter 1 

White  lead I 

Wlaler  trasolfae 1 

Wiped  jolDta.LeiwtbofiuuleTbMid  1 

WlplMT 

■  eoDcealed  joint   . 

■'  "  fciinle  to  a  bend  . 

"  "  boriconlal  brancb  jolot  .    1 

"  ■■  vertical  ftrancli  joint 

"^  "  T  »  branch  joint .... 

"      and  tolderitiB 


WIplns,  Bxamplei  ol  Joint    .  . 

flange  Joint* 

Holdlne  plpel  while   . 

Uiscellaneons  examples 

ol 

nprishl  Joints 

Wooden  Xa-aMij  tabs 

sinks 

Work.  Details  oC  ibeet-lead  .  . 

■■       Lead 

Worklne  comeri 

sbt-t  lead 

Wrotasht-itoD  sas  pipe    .... 

"    Bendina  .  . 
"     pipework  .... 
T 

Vanilnc  tool 

Z 

Zinc.  Chloride  of 

"     Sheet 
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'^  Xj  mi\  .,,»,Google 


D.qil.zMBlG001^le 


D.qil.zMBlG001^le 


